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PREFACE 

Tlio niimorous iii(]iiirios from artists and art stu- 
dents on tile subject of the durability of the various 
materials (‘mployed iif the fine arts, has encouraged the 
Author to prepare, in detail, techni^al matter as outlined 
in his different lectures. 

The substance of the book is compiled in^encyclopedic 
form, and to facilitate refenuice, an erdiaustive index is 
appended. 

F. W. Mf. 

CiULADELPnu, Pa. 

Seitembkh, 
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ARTISTS* PIGMENTS 


"iNTROnUCTION 

The study and thought whichVigfit fully should bo given 
tli^ chemistry and technology of ^rtists’ Qolors, oils, var- 
nishesj and vehicles tinforfunately is ofion neglected by 
many artists, and frequently entirely overlooked by 
amateurs. 

• Too little time has bec’m given in. the past, to tlie whys 
ai\d wherefores of color ]>igmenls. their sources, durabili- 
ties and com])atibilities, with which the artist desires to 
lunul to ))()sterity an interpretation of liis ideals. The 
cry is growing continuali\’ stronger over the quick de- 
i^erioration of some of our best example^ of art. Anyone 
taking more than a ]>assing interest in the world’s art 
creations, cannot help but fear for their welfare during 
the next decade,— <'si)ocially when seeing *within a few 
years such change taking place, as fading, darkeny^g 
crackifig and wrinkli/'^’,"^ among the most re]>resejitajjivc 
painting? of tlie various })eriods. 

The disadvantages qf the artist of a century ago neee 
be but considered in /*oinparison to what wonders the 
rapid advance of clu;inistry has done for o*ur modern 
artist. *llefore 1800 the ])alette was limited to but a fe^^ 
and ex])ensive colors. There were not knoA\m 1>ril 
liant and p(‘rnianent .\lizarin Lake Colors, and such riM 
liigiiKMits as ih(* Cadmium Yellows. Chnmiium Creens 
Krnerald (IrtHUis, Pei’inanent Vermilions, Cobalt Greens 

(‘tc. Prussian PliK*was onlv discovered in 1704. On the 

• 

other Jiaiid imuiy l^rillijwit but unsafe (*otor*, have^noderi; 
chemi^itry to thank for tluur (discovery. The artist musj 
know his colors'iu order to use butOtio safest on irn 
j>ale'tte. 
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Tod^y the artist colorman must fpequeu^ly offer 
against his better judg^iemt and knowledge, unsiafetjolors 
such as Carmine Lakes, Mauve, etc., and it is regret{&l)le, 
when such colors are unknowingly used, where perman- 
ency is desired. It is to be hoped, the^unsafe colors will 
gradually become exti^ict owing to lack of demand*, as has 
Ifeor. ^he case witli a fgw colors in late years. * Some of 
these colors have caused the inexperienced user many 
tears of regret. Noteworthy to mention here is tl^ one- 
time fad or craze for the use of bitumens, with well-known 
detrimental results. 

A more intimate knowledge of the materials, which ar? 
used in the fine arts, not only stimulates* a feeling pf 
greater confidence in their use, but these same materials 
stand in closer relation to the user, if it be known exaclly 
what their constiJ,uents arc anfi that they have been pre- 
pared for a definite purpose, in a scientific manner, ot 
carefully selected ingredients. 

The days of manufacturing secrecy in the piy^duction 
of artists’ coh)rs and vehicles should* be a tiling of the 
pa%t. At the beginning of the last century many colors 
wew and have since been discT)y»red and each*manu- 
jfatturer guarded his* formulas find ])roducts ih almost 
' careful manner. For example, take the case of Prussian 
Blue. This color u])on discovery .was immediately pro- 
duced by various colormakers and^each naturally strove 
to have it regarded as a specialty of his own. * Conse- 
quently jhis color was put on the market under quite an 
afray of names; for instance, Turnbull’s Blue, Paris 
Blue, Saxon Blue, Milori Blue, (liinese Blue, Brojize 
•Blue, Berlin l^lue, and lately also, Amei ican Blue. Grad: 

uallv throughout the years that followed, the unuseful 
• * ^ 

colors Y^^rc discarded, but still ^nanv dangerous colors 
were offered to the professi^»n who were entirely igjiorant 
of their composftion or technical (jualities. To-day we 
stand in a position to call chemistrv to gur aid hi deter- 
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mining the composition and compatibilities. In fact, it 
is to-day possible to synthesize «oipe of the fugitive natu- 
ral, tegetabje dyes, obtaining substitutes, which are per- 
manent and mofe brilliant. 

There are on tlif> market to-day a great many unneces- 
sary colors appearing under vai;ious fanciful names, 
many dangerous aniline or dye ^*olors, titled with mis- 
le>^ding or alluring names, wlych mean nothing, but 
serve K)nly to attrac?t the unsuspecting buyer. Admix- 
tures, to obtain unusual hues, can just as readily and 
more safely be made by the artist himself, to meet his 
special requirements, tlian by the manufacturer who is ig- 
norant of the character of C('lors used in conjunction with 
the admixture. 

ffhe artist to-day has not the time to make his own 
materials, as in the days bf the old masters, whose pal- 
ettes were limited to but a few colors, and whose vehicles 
and pigments were only accepted by them after long 
years of tedious study and observation. 

We are prone to- credit the old masters and. ancients, 
especially those fiaVm the time of Pliny about 77 A.D.^ to 
the enTl of the sixteenth century, with much techiical 
kno\\Jed/?e concerning Jie com]K)sition of the materials 
they used. ^As chcmisitry,was practically unknown as a 
science before the seventeenth centiuV, how could the 
painter, before this tirye, ]^ossess knowledge only possible 
to obtafn in comparatively recent years! The fact of 
their using mostlv ])ermanent ])igments was not tlirectlv 
due to any scientific knowledge of the composition bf 
their products, but was chiefly a matter of careful selee- 
liqn from an exceedingly smaU^number of pigments, oils 
and varnishes at tiieir disposal. Their organic colors 
were few in number, thf innumerable, brilliant, byt most- 
ly fugitive synthetic dye-stuffs known to-day, date only 
from 1856. 

The artists ifvang during the eighteenth and early nine- 
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teenth century were unquestionably the moet untprtunate. 
During these years chemistry was^ rapidly iniroJucing 
> new color^, many of which during their introdyction ^frere 
offered very impure and under misgiiidiJig and fanciful 
names. By doing this, tlie manufacturer thought to hide 
the identity of^the colpr, andjthe artist wastforcoH to se- 
l&ct-by^tandards of brilliancy only. 

With the unlimited ijiimber of chemical and natur^jl 
raw pigments, vehicles and sundry ‘products offered to- 
day, it requires a Vide and intimate knowledge of their 
composition in order to make a proper selection. 

The purpose of this book is to educate the user, not ill 
tlie use of his materials, bukto bring to him, in a con- 
versational and as interesting a manner as possible, the 
chemistry and technology of Artists Pigments. 



PIGMENTS 


The jipplioatioii^’aiKl use of pigments in the manufac- 
ture of paintr^ for artistic xairppses> is of great antiquity. 
In the earliest })erio(ls known we have evitlencoft that 
l{;H)ve conclusively that t^e aiuiients uiAlerstood color- 
making and the use of colors for ornan\pntation. During 
the late centuries great industrial progress has developed 
the manufacture and selection of natural and artificial 
lugments ff)r ])aint use. In this hook we will, of course, 
only Ooiisidef chiefly those paint ])igments ])ertaining to 
the fin(‘ arts. Th(‘S(‘ pigments are, however, the same as 
uii;ed ill all hranches and jihases of ])aint making, both for 
jirtistic d(H‘i>ralion as w(‘ll as for ])rotec^ive reipiiiaunents, 
the vai’ious techniijues d(‘] lending essentially on the re- 
spective vehicj(‘s oi* nn‘thods of manipulation. 

W(‘ distinguish pignumts from paints in that the latt(‘r 
are jua^jiared froin the former liy the addition U' a veliicle 
or medium. Ifigments; (]iff(‘r from dyes, as color-gi\ing 
ag(‘nts* hy the fai't of their being insoluhle and chomi- 
cally*com})atihle with the vehicle' employed, whereas the» 
dyes are lUMially solul.^e. . 

Pigments in oriho' to he termed and used successfully 
as suchj^.shouhl ni(H‘t tiie following qualifications; be reas- 
onably, or better altogether, ]iermanent under exposyre 
tq light and air, chemically indifferent to each vfnher in 
admixture, and not react with the vehicles employed or ' 
suffer thereby incalculable alteration in hue. 

•v.^/riie important facts to be ^pnsidered, when selecting’ 
pigments, are : 

I. Th(» chemical cofnjiosition and ]>hysical ]ir.o])erties 
of tho.pigment. 

II. Whether the pigment is absohifely safe and de- 
pendable, durable and. ])ermanent ^to light, atmosphere, 

5 * 
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gases, etc., reacts with other pigments qx vehicles, 'and 
whether aifectcd by tliesQ when in mixture. only rea- 
sonably safe, or if not safe to use at all, and in what 
instances, and what changes are likely tcHg)cciir. 

III. How tlie })igment is recognized chemically and 
physically. How detected from other pignjpnts identical* 
ki optical appearance. Simple qualitative analysis, de- 
tection when a^lulterated or when in mixture with other 
pigments. ' Its chemical properties.^ 

IV. AVliich ])igtaents are natural or artificial products. 

V. In what manner obtained and pre])ared, if of natu- 
ral origin. If artificial, how made and from wliat various 
substances. 

VI. Is it an opa(|ue or transi)arent color, and as an 
oil color, does it influence the drying of the oils? 

VII. To wliicb painting teriuiiques: — oil, water-color, 
tempera, ])astel, fresco, stereochromy, etc. — is the 
ment adaptable. If unsafe in certain technhpies, why? 

VIII. ' Does the jngment ai>pear commercially under 
several name>’>? 

'JX. Imitation pigments. How rc^^ognizod and if the 
imitation has dangerous adnltc^rants, how detected and 
which substitutes are' best avoided. 

Pigments when selected for the pianufacture of artists’ 
paints, require most careful inspection and testing of 
their chenfical and physical pro])erties. Permanency is 
])erha])s the most important factor and the 'pigment 
shbtdcl meet this qualification in its broadest interpreta- 
tion; namely be permanent to liglit and air, in mixtilre 
with other pigments and vehicles and according to the 
technique in which it is ajyilied, it'should be water-proof, 
alkali-i)roof, acid resistant, gas-proaf, lime-proof, etc. 

Pigments avc said to be gas-rej?isting when such gases 
most commonly met with, /is Hydrogen Sulphide (HaS), 
Sulphurous Acid Gas, Chlorine and Carbonic Gas do not 
react with them. Sulphur, either in the' form of a sul- 
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pidde or acid, il the one most commonly met with and the 
one wtictt is the most important to guard against. This 
element is found, in the gases coifiing from decaying oi* 
putrid, animal J^Ad organic matter, marsh \^aters, or 
swamps and in chuiI gas. All the inert pigments, such as 
Permalba, Terra A^ha, Asbestine, etc., along with Litho- 
pone, Zinc and Sublimed LeaJl, Venetia!i and Indian 
Re^, Ochre, Oxide of Chromium, d\\ Blacky, all Blues ex- 
cepting copper blues ^nd afl Bro\fn eartli pigments and 
Red Lakes which are free from lead, are i)ractically gas- 
proof. 

Pigments are said to be acid-resisting when no change 
is evident through reaction Avith such mineral or organic 
acids, commonly met with, as Oleic, Acetic, Sulphurous 
and Sulphuric Acids. Oleic Acid is present in the vege- 
table oils, also Sulphurous^and Sulphuric Acids but the 
two latter only if not entirely removed from chemically 
bleached or refined oils. Acetic Acid is ineseiit in lead 
pigments, that Iiave not been ])roperly washed. ** 

Strong acids, wljjch will more or less aUac^ all lug- 
ments, rarely conieS»n contact with finished paintings lind 
the alu^ve mentioned w^-alcer acids are represent afive to 
use iii^det^'miinatioiis. The plgmentT^ listed above as ga:i- 
resistant can also be accepted as acid-resistant. 

Pigments "^are alkali -jlroof, if in the ]n*esence of am- 
monia or other alkalies they suffer no chai>ge,*,a test for 
which is«tto boil the ])igment for ten minutes in a 10 ]m’- 
cent solution of ammonia. All inert ])igraents wi^i ^he 
exception of clays, whiting and Terra Alba (gypsum) 
which are slightly attacked, Venetian Red and Indian 
ReJ, Ochres, Oxide of Phromiiim, Siennas, Oobalt Blue, 
Permalba, Lamp Black and IvoiV IBack, etc., are practi- 
cally alkali-proof. 

Pigments that undergo no change after being ifiixed in 
lime Water for twenty-four hours are. practically lime- 
l)roof. This (pfnjity is greatly in demand since the inno- 
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vatioii of flat wall-paints for interior ^Tiecoration. If 
lime is present in the wa}l, a spotting and noticeaWe dis- 
eoloration of the non-lime-proof ilhint jresiil.ts. The, fol- 
lowing pigments are jiractically lime-j^oof : Peniialba, 
Litliopone, (hide of Chromium, Brown 1^]Hrlh Pigments, 
Red Lead, English Vermiljon, Natural lr^>n ():j?ides, all 
Blacks, Cobalt and Illtramarine Blue, etc. 

Permanency of C^olor Pigments in ilie fine arts is jisu- 
ally understood to convey that (piajity witli reference to 
exposure to ordinary lighting or illumination. We will 
consider the permanence of individual ])igments in their 
admixtures and for the ])urpose and with what ^'eliicles or 
mediums they are intended to be used, when considering 
tliem sei)arately. 

Today the number of pigments available is very lai;ge. 
They are, liowev(*r, mostly of simple nature, the number 
of elements entering into tli(‘ir com])()sition not being 
large in numb(n\ Many beautiful and richly colored com- 
pounds cannot be accepted into the s(*lection of.pigments 
foi; artis+s’ use, owing to tlieir exceedingly fugitive cliar- 
acter, lacking inertness and tlie repuL-ed stability. 

Pigments of whicli tlie constitiient ])articles are liomo- 
geneous, such as most cliernical colors, for* example, 
dirome Yellow, Vermilion, etc., are imiml^suhstautivc. 
Pigments consisting of a color l(‘ss base, on whi(‘h a color- 
ing agent has Ix'en ])recipated, such as the Lakes, Ali- 
zarin Crimson, for example, are tmmed adjccih^e, 

Jja!u; pufmcnts constitute a group, of which a great 
number are used in the tine arts, ])eing known and uRed 
extensiv(‘ly by tlie early Italian ])ainters. Pliny in the 
year A. I). 77 gives an acv'ount or them and exjilains* the 
derivation of the term lake. Tho lac, or colT)rmg 
principle, of 'iisect origin, used bv the early Italian dyers 
for certain colors, was either the ])roduct now known 
under tliis naivie or an analogous body. This Tac was 
used in conjunction with compounds of fin ami aluminum 
to precipitate and fix the dye color on the fabric. 
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During th<j process of dyeing, some of the lac combines 
with some of the tin and alumina to form an msoluble 
compound, forming a colored scum on the top of the (fy^e- 
vat* This sm)slaiice, called by the Italian^dyers, lacca, 
was collected, dried and offered to artists as a pigment. 
Sooi? othe^j natural dye-stuffs were found to yield vari- 
ously colored laccie and methods^were g1*adually evolv^l, 
j\'hereby the lakes were obtained dire(*t and not as a 
residue of the dye*vat. fact, the manufacture of lake 
colors is today an industry ranking as important as the 
dye industry. 

A lalje ))igmcnt is not merely a mixture of dyestuff and 
an inert Inise. A ])igment thus formed would not have 
tlie color-])rinci))le firmly fixed and would ‘‘ bleed, that 
Js, it would, in admixtures, especially in liquid solutions, 
give u]) the color again. • In order ti^fix the color perma- 
nently onto the base, the treatment varies according to the 
character of tlie dye and base. Tlie u^sual i)rocedure is 
to ])r(v.*.i])itate the base from solutions in tlie firesence of 
the dye, in solution. The color will theu ])gcome so at* 
tached to the piVdpitated base, that it will not bleed, but 
forms an insoluble ])igm«it. 

The»coloring ])rincii)le of lakes* is either of natural (^r 
artificial organic origin, and can be divided into tv^ 
})rincipal grou])s: I. That obtained ffrom the natural 
coloring matters, si^cli as lac, cochineal, PtVsian lierries, 
DrazS wood, log wood, etc., and IT. tluit obtainedr from 
the coal tar colors, which in recent years ha^i ji.n’^lo])ed 
•to such an extent to alm()sl entirely supplant the ut^e qf 
natural coloring matters, more brilliant and permanenr 
fakes being obtainaMe. • 

•The e.rteudcrs, farriers, or hoses on which the color \o 
form a lake is i)recii 4 itated, are inert and as nearly cofor- 
less and trans])tTrent as possible; the principarones being 
Aluhiina llydmte, Blanc Fixe, Park ^Vhite, (fiiina Clay. 
Therefore, alljalve colors used in the fine arts are usualW’ 

V A * * 

lis4ed as trans])arent* 
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Pigments can be generally classified according to their 
origin oi* source, as follows : 

* * * 

( Natural; as the Ochres,* Siennds, 
genuine Ultramarine. 
Artifirial; as the Oiirom'es, Ool)alts. 


Organic 


Pigments j 


Ali^mdl; as Carmine, Sepia^ 
VegVJable; as Gamboge, Madder 
^ LakJs. ^ 

Artificial; as Alizarin Lakes, •In- 
digo, etc. 


Chemically, they can be grouped as follows : 
Elements; as Lamp Black. 
Compounds; as C^liromes, Vermilions 


NOMENCLATURE OF COLORS 

The nomenclature of colors does not follow any system- 
atic classitication'. Manufacturers and dealei's are in the 
habit of calling a color pigment by names wliich ar^ quite 
arbitrary. ^Ve find different names ap>died to a single 
pigmeiit^or on the other hand, alsq ma1iy colors are of- 
fered under one name.. The majority of colors, prdcur- 
{fble from relia])le sources, are sold bv names more’or K‘ss 
internationally recognized. Maiyy^ ca.»lors are luitned after 
their inventoys, others after their «riginal or principal 
[daces of origin, or the locality in which they are found in 
naturp; others after their ingredients; others after their 
resembhriK'C to other colors; others after certain (juali- 
V dies they possess ; others after the purpose for which tliey 
are intended and still others after the materials used iji 
their production, etc. PerJlaps the ideal nomenclature 
wauld be to express the chemical composition when nam- 
ing a coloi; ; this* however, would be exceedingly impracti- 
cable owing to the lengthy chemical formulas and cqrre- 
^[londing lengthy unci perplexing scientific Homenclature, 
especially true of the colors of organ/c origin. 



TECHNIQUE EMPLOYED IN TESTING 

The artist orgstudeiit interested in determining quali- 
tatively. tli0 purity of any Cokr sjiould keep the necessary 
reagents for this purpose and .refer to the various tests 
Tor each jugment in question, ivuler its ’respective listing 
in Uie following clfapter. A small A\i()oden box should be 
kept in tlie studio, in which several bottles of necessary 
I'eagents may be safely ke})!, ready for use at any time. 
A limifed number of the most necessary reagents are, a 
•bottle each*of 

Water 

Alcohol 

Sodium Sulphide in Water Solution 
An acid (preferably llydrocliloric, Sulphuric or 
, Nitric) 

Amoniiim IJydroxide 

Bed and blii% litmus i)aper 

^\bout six test tAbbs and small glass funnel* 

Filter Papers 

A mor^ complete ^issprtment to make the usual tests, 
should comprise a bc'ttle each of 

Ayater 

Alcohol 

Sodium Sul])hide in AVafer Solution 
Hydrochloric x\cid 
Sulphuric Acid 
Nitric Acid 

Ammonium Ifydroxide 

Sodium H.ydrox\de in AVater Solutibn 

Lime Water 

Potassium Ferrocyanide in AVater Solution 
Ferric Clllouida in.AVater Solution 

V 
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Barium Chloride in Water Solution 
Silver Nitrate in Water Solution 
Eed and blue litmus paper 
About () test tubes with small glass fuhnel 
Filter Papers 

« 

Tlie technique employ^^d m testing a color is^as follows : 
S*omc tests may be raadeavith Oil Colors, Water Colors, 
etc., without the oil or gums interfering to any great e>w- 
tent in tlie reactions. The pigment in the dry powder 
form res[)onds to reactions more accurately and definite- 
ly. It is tlierefore necessary that tlie oils, gums, etc., be 
removed before testing the pigment. 

The oil-color pigments should be washed free of the oil 
by squeezing a small amount, about a thimbleful, of the 
color in a test tube, adding turpentine in excess and shake 
until the color and ‘Turpentine are thoroughly mixed, al- 
low the pigment time to settle, then filter and if necessary 
re])eat several times, adding fresh turpentine, until all 
the oil is removed, leaving only the pigment upoiCthe fil* 
ter piV^')er. ^Any tur})entine remaining ^dth the pigment 
should*'be removed by using alcolio) in the same manner 
as the turpentine was used. It should now be observed 
^Vhether the turj^entine, or es])ecial)y the alcohol, filte'red 
off colorless; a colored solution 'woi'ild indicate the pres- 
ence of soluble dye-stuffs or othef soluble substances. 
Other volatile solvents such as Benzert, Toluol, Xylol, Ben- 
zine, Molvcnt Na])htha, Ether, Chloroform, Carbon Tet- 
rachlorifle. Acetone, etc., are sometimes also em])loyed to 
advantage, esp(‘cially if tin* coloi's (contain the addition 
of varnish gums. Some extrenn^ly line i>igments filtor 
through with the first filtr;»4e and the student should pot 
mistake this for a colored solution, invlicating dye-stuffs 
or other soluble coloring matter, ni the solution usually 
filters clear after carefully refiltering. When dyes, etc. 
^re present the fiheiVd solution will remain colored even 
after refiltering several times. A wnte'’ color pigment is 
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removed from the water soluble gums by using water in 
plafie of the turpentine, etc., ms, with the oil colors, ^he 
washed pigments should not be heated too strongly when 
drying. 

We must' firsts determine the chemical composition of 
the pigment in ord(ir to fmdl*or Jest its purity and ])ro])- 
erties as a durable color. If ^.he name of the pigmeft 
in question be known, r^ferenge shoulfl be made to the 
various tests em])foyed in its detection, listed under its 
respective name in the following chapter. 

If on the other hand the identity of the color is not 
known, •I'eference should be made to the listing of several 
.colors of similar appeanance with their distinguishing 
reactions. 

• To illustrate this more clearly, let us, for example, as- 
sume that we have fouf blue jhgm^nts, which optically 
resemble each other very closely, and it is desired to know 
which of tin* four are desirabh* as duralile pigments and 
of wlutt th(‘v are com])osed. ^ 

We are primr^j^ily concerned with the cbmf)ositi€hi and 
therefore shall test Uk# four ])igments to determiife their 
comf)osition ; and after this is known, it is a sinride mat- 
ter to refer to the chemical and ])hysical properties (\f 
each res]fsective colou a» listed in the .following chapter. 

Each sample is first washed in water and then alcohol. 
If any of the four >1eld a colored filtrate, tliis would in- 
dicate the addition of a dye-stuff or other soluble ceijoring 
matter. The water filtrate may also be tested fo*r soluble 
salts, as these are ])resent should the pigment be insuffi^ • 
ciently washed whei] made, or the salts may have been 
added as adulterants. DettWon: allow the filtrate to 
eva])orate to dryness on a shallow crystal when nwe 
than a mere trace of'residue would indicate tlw? presence 
of soluble impurities. • 

Next we inake.reference to the j)igmiMits commonly env 

plnvorl jiTirl iiCtliis idisifiiiwo fbwl ibnl l^lno TTltr{\- 
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marine and Prussian Blue, only seldom the copper blues 
represent the typical blue pigments. Upon coinpafing 
the various reactions common to each pigment, we see 
that upon the addition of sodium sulphide in solution, any 
of the four containing copper will be turned black and its 
further properties should be looked up, undei'-'its proper 
Ifsting. The pigments which were not discolored by sodi- 
um sulphide are then give^n further test for Cobalt, Ultra*- 
marine and' Prussian Blue. Cobalt Blue and Prussian 
Blue are insoluble in dilute acids, and by adding a drop of 
dilute hydrochloi*ic acid to each sam]de, that wdiich is 
Ultramarine will be reacted upon by the acid and may 
be further affirmed by referring to the characteristic 
chemical properties of this pigment. The Cobalt and 
Prussian Blue are physically so different that usually 
they are readily recognized, hovJever knowing that Prus- 
sian Blue is reacted upon by alkaline solutions, the (V)balt 
Blue will remain unaffected upon the additiooi of this re- 
agent and each may be further definitely recognized by 
distiirguishbig reactions listed under tht*ir chemical and 
])hysicA»l pr()]>crties. 

The addition of any ..insoluble or inert extender, such 
n's whiting, clay, l)arytes, alumina, sili(*a, etc., may be de- 
tected by referring to the characteristic testifor these 
substances. The tinting strength and color value of the 
fpigment is greatly reduced when these arc present in 
appreiciable amount. The color may be compared in tint- 
ing streAgf li and color with a known pure standard color. 
rA simple method of doing this is to weigh off exactly the 
same amounts of each color and mix witli an equal amount 
of i)urc zinc white, using the same quantity of oil for each. 
Compare the tint obtained from the sample pigment with 
the tint of. the known standard. 
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111 * the l^llowing listing of colors, the colors are ar- 
ranged ’in alidiabetical order, ii¥espective of their vai;!- 
^)us chemical and physical properties, the intention being 
to facilitate referi^iice. Eacli color is listed* bv its most 
commonly recognized trade or scientific name. In the 
index at the end of the volume, various synonyms of the 
I'espectivo colors will also be listed alphabetically. 

AIR BLUE 

Azurite, Bergblan, Bice, Blue Virditer, Cendre 
Blenc, Chessylite, Lime Blue, '’Mountain Blue, 
Neuwied Blue, Blue Ashes, ('opi)er Blue, Cenerc 
Blue, Azul Ceniza, Bremen' Blue. 

L’asic ('oppcuCarhouaii — '2 Cu('();t.(’u»(OH )2 
lias very littlh covering (piality, however of h^uitiful 
8ky.«olorod blue. Altliough ])ermanent to light^ being a 
de»'ivative of co])per it is very sensitive. As an oil color 
it rapidly changes |o ylull green (reaction with fatty 
acids). In tlie presence of sulphurous gases, like all 
]iiginents containing eop])cr, black coppei* sul])hidc is 
formed. (See )>age 1H7 for detection of copper.)* It is 
limc-jiroof and finds u.sc only as a fresco color, tslinsafe 
in otlier lechni(pies. 

, Obtained from native mineral Azurite (Chessylite) or 
artificially by precipitation *tj-om Coi)i)cr Suli)hate sohi- 
tion. This color is mentioned by Pliny in his “Natur- 
alis historia, ” A.l).'77. 

Bremen Bine, consisting essentially of copper hydrox- 
ide, Cu(()ll):.,*m sometimes also employed as a fresc*) 
color. f5eing*unsafe ibis fortunately coming into disuse. 
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ALIZARIN LAKES 

I Aliz. Blue; Aliz. Carmine; Aliz. Crimson; Aliz. 
Green; Aliz. Orange; Aliz. Scarlet ; Aliz. Yellow; 

Bose Madder Aliz.; Aliz. Madder Lake; Aliz. 
Burnt (\ii*niiiie; Indifin Tjake Aliz. ;cPermanent 
Violet; PermaiienL/^rimson ; Aliz. Saj) Green; 

Aliz. Olive Green; Aliz. Olive Lake; Aliz. Crap 
Lakes; Searfet Crap»iLake^* Violet (^rap Lake; 
Laipie d' alizarioie earraiosie; LaeAi (P alizariiuir 
eremisina; Laea de garanza eramois; Alizarin 
Farben 

Alizarin Ci4H(i0o(01f ). is the active coloring principle. 

Yields very ))ermanent and l>filliant lake colors, which* 
may be considered tlie representative lake colors for the 
fine arts. The coloring jirinciple is, with few exceptions,' 
precipitated on a neutral base of Alumina Hydrate, which , 
as a pigment yields, when ground in oils or gums, very 
brilliant, trans])arent colors. ' 

.Before the development of the Alizarin colors from 
anthracene, a coal-tar derivative, the ipadder root was 
the soiL'cn of this color extraction for many centuries. 
The madder root has two im])ortant coloring prinfiples; 
Jlizaria C,,ns ^^4 Purimrin the Alizarin 

yielding the more .permanent lakes' of brilliant crimson, 
rose, pur})le,, violet and maroon hue??, varying according 
to the concentration, puriiy and base ipKUi which i1 i,s pre- 
cipitated. ,Purpurin yields pigments more orange or red 
in hue. The synthetic or artificial Alizarins are rapidly 
displacing the madder extracts, being of richer hue if 
properly manufactured and more permanent. They are 
of identical chemical composition to the root madders.. 

Sodium Hydroxide entirely dissolV(‘s Alizarin and 
Madder Lakes (on alumina base) to a blue-violet solution 
(Purpurin yields a cherry-red solution), Ayhich, u])on the 
addition of dilute *Suli)huric Acid in excess,doses its col- 
or with formation of a’flocculent; colored ‘precipitate^ of 
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the dyf -stuff* (orange-yellow in color if Alizarin and 
brig^it rfed if Purimrin), leaving the siipei-nataiit Ihiiiid 
practically colorless*. Carmine or Carmine Lake are de- 
tected by theif leaving the acidified solution more or less 
intensively red ip color. 

Alizarin and Madder Lake^ ar^ insoluble in water or 
alcohol ; a colored solution would indicate the addition oi 
dyes. 

A^l lakes, including the Alizarin I^ke colors, are not 
practical for fresco or stereochromy, proving fugitive 
and unsafe in these, but for most every other technique 
the Alizarin Lakes are absolutely safe and ])ermanent. 

. Alizarin iladders and Madder T.akes are perfectly dur- 
able and safe in admixture with the calcined or burnt 
earth ])igments, such as Bt. Sienna, B)t. I mber, Bt. Och- 
res, Burnt Iron Oxide Colors, Burnt Terre Verte, etc., but 
^not always willi the natural (‘arths, such as Kaw Sienna, 
Kaw Timber or Raw Ochres, due to 4 he 'presence of iron 
hydrox'ide in tliese ])igments. The chemical colors such 
as the White T.tads, (dirome Yellow, Naples Ye^ows,^' 
(dirome Creens, e'^te., lui,ye a tendency to somewhat bleach 
the Madd(‘r Lakes; Oenuine Vermilions, Cadmium Yel- 
lows and the Black jiigments, however, do not affect 
tliem. Tlu' Alizarin M‘^dder Lakes, as also the Ma(hler 
Tjakos, yield brilliant and ])ermanent results if apjdied 
as a glaze over (‘olors which are thoroughlN^ dry. Per- 
malba with Alizailn or bladder Lake yields tints ot^iigh- 
est color value and dependabh* ])ermanence aiul flurabil- 
ity. 

. ALUMINA 

Aluminum Hydrate 

Aluminum llydyoxhh'- Al(Oll);.. 

All amorphous, translucenj .substanci*, insoluble in wa- 
ter. It reacts \\iih acids, forming’ the corresiumding^ 
aluminum* salts; ^ali^o yeacts wiih strong bases. On 
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strongly heating Aluminum Hydrate it is converted into 
the oxide. 

Owing to its physical characteristics it is the -ideal base 
on which to precipitate many organic dye-stuffs to form 
transparent lake pigments. See description’ of lake pig- 
ments, page 74. 

AMERICAN VERMILION 

Imitation Vermjlion, Vermilionette, Persian Ked, 
Derby Red, Victoria Red, Vienna Red 

A color of varying com]iosition. consisting usually of 
a base of Red Ijcad, tinted with Hosine dye, to* yield a 
l)rilliant substitute for the genmne quicksilver vermilions! 
The greater number of American Vermilions are not 
very permanent to light; however, there are some in 
which the fugitive* Eosine dye, has been displaced by^ 
more ])ermanent toners, yielding pigments very ])erma- 
nent (todight).* Owing to the base of red lead, it is 
o.i)a(iue and it is to l)e classed with all the lead colors; to 
be ushd onlV with limitation. Discolors jii ]u’esence of sul- 
])hurdist gases. Heat destroys tke^coloi*. Can be recog- 
nized fiMm i)ure merciudc vermilions bv their partiarsolu- 

A . * . . . * • . 

Inlity in akalies, or dilute acids, or upon treatment Auth 
alcohol, by parting with most, op al4, of their dye coloring 
matter, the genuine cpiicksilver verihilions resisting these 
reagents. Sodium Sulidiide converfs the lead cons^titueiit 
to bl^ick lead suljihide. 

Red IfjVad and (lirome Red with barytes or lead sul- 
kphate are the most common carriers used with toning col- 
ors, to produce very ricli hues of ^V^erican A^n’milioiu 
• Chrome Red, the most ♦basic lead chromate PbCrp 4 . - 
1^0— is sometimes sold as American*Vermilion, but ow- 
ing to its.high specific gravity it se]>arates (]uickly when 
ground in oil and is only iwed in fresco with a CQrtain 
^amount of succe'^s. Chrome Red has. aUo the limited 
fastness of all lead colors. 
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In oij, American Vermilion, is a good dryer and in the 
lieafy paint trade is especially recommended for jts 
rust protective (pialities, when applied on metals. 

ANILINE COLORS 

(See Coal-Tar Qolors) 

ANTWERP BLUE . 

^ 4 

Bleu mineral, Bleu d' Anversa, Azul de Arnheres, 
Antwerpener JMau. 

Prussian Blue, weakened in strength, with Alumina. 

Antwerp Blue, a i)rodnct of iron and zinc cyanogen 
compounds,*' yielding a color paler than Prussian Blue, 
has more recently ])een replaced witli above mentioned 
Prussian Blue, reduced in color strength with Alumina. 

The pro])erties of this "color are ahnost identical \vith 
"those of Prussian Blue (which see). 

ASBESTINE 

Hydrated J/c/h.s;//Vo/c-:5Mg( ).2Si(K.2IIM.). ' 

Used princi])ally in,tVe heavy paint trade as n» 3 utral 
carrier, or extender in ready mi^yed paints, to prevent 
settiing of pigments heavy in gravity. Finds no pra'eti'^ 
cal use as 41 pigment forJine arts. 

Asbestine differs from Asbestos, a calcium magnesium 
silicate of varying composition, by its short fibre, the as- 
liestos haying a long fibre. 

To the native Magnesium Silicates belong aJs^oTflfr, 
Talcum, Soapstone or Steatite, French Chatli (a hydrated 
Mtignesium Silicate; 3 Mg(). 4 Si(>o.ILO) and also another 
. variety of this compound, Ml^ersehaum. 

These coni})ounds are not very important in the fine 
arts, being of very soft body, trans])ar 6 nt ai\d do not 
yield Jbrilliant lake colors, wlieii used as bases. Talc finds 
use for polishing marble and gypsum at tides and also ir 
the manufacture of fuce.powders,e,tc. 
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ASPHALTUM 

• Bitumen, Mineral Pftdi, Antwerp Brown, Mum- 
my, Bitume, Asfalto, Asphalto, Asphalt. 

A natural mixture of solid liydroearhons-, very often 
containing also sulphur anjl nitrogen compoiiiids, ^ener- 
ifJly considered to be a*i)roduct of tlie decomposition of 
animal and vegetable matter. ^ 

Under tlfis group we have a variety of pitchy, tarry 
substances i‘anging in color from brown to black, found 
))rincipally native in the great pitcli lake of Trinidad. 
'I'he best qualit.y, used for artists’ l)aints, is obtained 
from the Dead Sea. This Syrian Asplialt is of rich 
brown color, exceedingly hard with bright and lustrous 
surface fracture, melts at (\ Avith a cliaracteristic 
bituminous odor; iaf slightly sohible in Alcohol or Kthei:, 
more so in Benzol and dissolves entirely in Turi)entine or^ 
lanseed Qil. 

Strong acids, such as Nitric Acid or lyes, do lufl affect 
t!iis gigme^it, 'which property makes it •particularly use- 
ful iiiitlie manufacture of etching grounds. 

Asplialt as a color |)iginent is used only as an oil bolor. 
virtue of its solubility in the vehicle of oil, yielding a 
very trans])arenl paint, it resembl(is the transpiirent lake 
colors. ^ • 

Ihe A8])lialtums decom]>ose in* direct sunlight. Tn 
]u*esCnce of moisture, combined action of the oxygen of 
the airland the actinic rays of light, favor the combina- 
tion of the oxygen and hydrogen, setting the carbon free, 
thus producing a dull black color. Tliis is especially yo- 
liceable in admixtures of A?^l>haltuni and wliite pigments; . 
Uie resultant Avai’m tints on exposure ^.o light are changed 
to dull grays. * 

When used for under-paiuting, the Asi)haltums ‘bleed’ 
^or diffuse throug»ii the overlying layers of paint, darken- 
ing them, this being due to solybiljty.iinthe oils, of the 

• A 
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asphalkims. •Asphaltnms are very poor dryers, even 
when usSd in conjnpction wifh the best siccatifs. They 
enter largely into the manufacture of varnishes, partly 
as coloring princijile and partly as a resinous matter. 

As an oil coIof, the Asplialtums are very treacherous 
when applictl in tliick layers. surface they appear 

dry, but even after years, exposed under strong summer 
Ifeat, they soften and ^Sslirie'’ oirthe surface o^‘ the paint- 
ing. • 

The As ])h alt urns, especially when a])})lied in heavy 
layers, tend to crack on the surface. 

('arefi^lly select(‘(l Asi»haltiinis when pro})erly treated 
to extract Hie number of li(|uid, semi-liquid and solid 
colorless hydrocarbons, wliich have no color-giving value 
as a ]jigment, are not given to cra(‘king or moving on the 
j^anvas like the nn])urilie(f material and if used with pre- 
caution will yi(‘l(l fairly good results; however, not to be 
recommended where ]»ermanency is desired. 

Tli(‘ modern coal-tar jutch lirowns, offered as substv 
tutes for the As])lialtums are far more treaclierous (^i ac- 
count of tlieir (‘asy fusibility and are more liable ^tcT stain 
contiguous ))igments by reason of their solubility’ in oils 
or \arnishes. # 

1'lie saf(*si substitute for Asplialtum is found among 
lli(‘ Alizarin Tjake Colors, or mixtures of Kaw.Sienna, Bt. 
rniber^and Carbon of Ivory Black. 

Mummy is a ])ituminous product associated^wit^ani- 
mal remains and derives its ratber gruesome iiaYne from 
its source. The bituminous matter used in the embalm- 
ing of the Figy]itian mummi(‘s is ]K*rhaps the active color- 
. ingjirinciple. I^hrough the lapse of time tlie bituminous' 
matter of the mumniv, having been subjected to a coif- 
siderable degree of lieat, has.lost some of its volatile hy- 
drocarbons and ranks as a ]figment superior to the raw 
and inferior to the refined A*s])lialtums. This color is 
gradually liecorfling extinct in the tine arts, as it does not 
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possess any quality not embodied in tJie refined Asplial- 
tmns. It was usual to griAd up tlie ^entire muiilmy/thus 
the resulting powder had more solidity, was less fusible 
than the native Asphalt and less transparent than the re- 
fined Asphaltum. Mummy Avas used 9 s an oil paint as 
early as the close of .tjie sixteenth century. 

AURECMLIN 

Colmlt Yellow, Jaime Indian 
Aureolin, Aureolina, Kobaltgelb 

A yellow crystalline compound salt of tlie metal Cobalt. 

Double Nitrite of Cobalt and Potassii(m--Co2{N0.2)f 
6KNO0. 

If precipitated in chemically pure condition, as a line 
powder, the pigment is of ])ure‘* yellow color, transpareiv^ 
very slightly soluble in ivater. On account of its complex 
chemical com])()siti('ui if not proj)erly washed of soluble 
falts, it is not absolutely dependable. It is veiy fast to 
air iVnd light, and is unatTected by sulplfhretted hydrogen, 
HoS, ^although blackened by sodium sulphide or caustic 
soda. "Like many other mineral pigments Aitreolin 
/when in admixtures with certain organic pigments, "such 
as the lakes from cocliineal, indigo, elc., cai*ses decom- 
])osition of these; the organic coh/rs becoming altered in 
hue as also llie Aur(‘olin itself IxA'oming of a ])rownish 
hue^' A'iyious other yellow pigments of different chemi- 
cal composition ap}>ear on the market under the name of 
Aureolin. 

The genuine Col)alt Yellow is only adaptable to ,Oil 
‘and Water Color technmtes and if chemically pure is. 
considered permanent. 

Cobalt Yellow is converted into black cobalt oxide by 
gently heating in a bunsen flame. Like all cobalf com- 
pounds a blue ^lass bead is formed,. when heated with 
borax on a platinum v;ire. This pigment was ‘introduced 
about 18 , 61 . 
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AURORA YELLOW 

(See CaclmiuJn Yellow) 

A very brilliant variety of Cadmium Yellow of greater 
opacity than the regular Cadmium Yellow. 

AZURE BLUE 

Sky Blue 

A mixed pigment consisting princ>f)ally of Ultrama- 
rine Blue and Zinc Oxide oi* Permalha to yield a warm 
light Sky Blue color, contrasting with the cooler greenish 
(in undei'tone) (^erulean Blue. 

. The physical and chemical properties are identical with 
those of Ultramarine and Zinc White (Chinese White) or 
Permalba. 

^Azure Blue is fairly opatpie and permanent to light and 
air and adaptable to all techniques. 

BISTRE 

L. 

Brown I^ake, Soot J5rown, Bister 

The, tarry soot from resinous ])ine wood or beech wood, 
which is ground to a line powder from a lumi)y condition- 
and washed with hot water until the latter does not ex-" 
tract any more soluble matter from it. 

Bistie is only met with in Water (\)lor. 

Like all bituminous organic brown pigments, unde?' ex- 
posure to light, oxidation of the organic substanti,e!^-Wkes 
place, leaving a residue of carbon, thus changing the color 
to a cooler hue and paler. The greater the amount of 
tarVy matter present in the pigment, the more fugitive 
the color. 

Bistre will burn almost entirely, leaving only a trace 
of ash. When heated in a terJt tube, a tarry distillate is 
obtained, minute dro]>s of tar apj^earing on the wall of 
the test tube. 
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BLACK LEAD 

(Soe (rraplute). 

An allotropic crystalline form of Carbon. 

BLU?: BLACK 

Charcoal Black, Vine Black, Frankfort Black, 
Noir de Vi^»uc, KebonscJiwarz, Drop Black, 

Noire’ bleiiati>3, Nero bleustro, ‘Negro azulady, 
Frankfurter Schwarz. 

The active coloring principle is Carbon, in the form of 
charcoal. 

By dry or desti-nctive distillation olf jl^rape husks, 
vine twigs, vine wood and other similar materials, vari- 
ous cpialitics of Black jire obtained. The finest 
cluality is the Frankford Black, obtained from spent wi>^ 
yeast, which, after carbonizing, is thoroughly waslied, to 
free it from small (■juantiti(‘s of ])otash anil calcium car- 
'honpte (Uu’ivpd from the “Tartar” i^^ the wine yeast. 
"Wheii mixed Avith white pigments pure grey tints are ob- 
tained with a bluish tinge. 

•151ue Blacks have very little o])acity as i)ignionts^ are, 
however, ahsolutelv jierrnanent, ada})ta))lo to all tech- 
iiicpies. Like all carbon ])igmcnfs they resist acids or 
bases, are insoluble in ordinary solvents and only oxidize 
at Ifigli temperatures. *• 

jfigliificant jieculiar i)roperty (d* all charcoals in 
that they withdraw the majority of organic coloring mat- 
ters from suspension and even from solutions in water, 
is evidenced, for instanccf, when a small (juanity of Blue 
^i^lack is added to a pale tint of Hose Madder in water.’ 
Tlie tint becomes ra])idly <lecolori*/ed alt ho not really de- 
stroyed, the })igment beinb* completely absorbed by the 
l^lack. Animah charcoal, such as Ivory Black oV Bone 
Black are more ener^(*tie agents in rer^oVing gases and 
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coloring mattjsr from solutions. This property is some- 
times made use of in the purification of polluted wa^er. 

Charconl Blacks Jire mentioned by Pliny in his ^^His- 
toria naturalis/^ A.J). 77, and were perhaps the first 
l)lack j)igmeiits used hy man in the most remote ages. 

BONE BROWN 

Negro de Nneso, J>einbrauh 

B>* gently calcining bones or ivory cliips, until they 
actpiire a brown color, and thoroughly washing them, a 
warm ])rown pigmeiit is obtained. Due to the presence 
of some*undecompokod animal matter, Bone Brown, like 
most all organic browns, under exposure to light, fades. 
An undesirable pigment where i)ermanency is required. 
P)One l)rown, as used iij^ th(‘ tine arts, is frequently a 
^lixfure of Ivory Black and Burnt Umber. This mix- 
ture is tliorowgiily reliable as a pigment in all techniques. 

BRILLIANT YELLOW 

Jaune BriliitWit, Amarillo Brillante 

\ color resemlding Naples Yellow in hue, pi’ejitirodJ^y 
a variety of mixtures, principally consisling of radmiuin* 
Yellow, VeTmilion, aitd AVhite Lead. 

Brilliant Yellow is very opaque and owiii^^to the pres- 
ence (*f Wliite Lead, like all ])igments containing i;.»ad it 
will discolor in i)resence of sulphur gases. ShoiiJd the 
^"ermilioll or (hulmium used in the admixture contain 
free sulpliur, discoloration will also occur. It can very 
eftsily be dispensed with as iinsafe for the artists’ pal- 
ette. When Permalba is used in place of White Lead thb 
color is unaffected t)} sulphurous gases and is then a very 
desirable color for ])ermamrncy and durabilit}’. 
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BROWN MADDER 

Garaiice bruii rouge, Garance bruim russa, 
Garanza roja parda. 

A brown lake prepared from the madder root. When 
Ine coloring principle of the madder root is preci])- 
itated with more or lei.s alumina as a l)as(‘, in associ- 
ation with the oxides of iron, maganese or copper, vari- 
ous hues are obtained, among which the principal are 
Madder Brown and Madder Purple. 

The Alizarin Madders (which see) are used principally 
today in place of the Madder extracts and yield more 
permanent pigments. 

Brown Madder is not as transparent as the Alizarin 
Lakes, but has i)ractically the same physical and chemi- 
cal properties as the Alizarin Lakes. 

BROWN OCHRE 

The coloring princijde is hydrated iron oxide, Jl* native 
species of^which is 

It hfis all the chemical and physical i)roperties of the 
Ochres "(which see). 

BROWN PINK 

I 

Stil de grain 1)run, Stil de grgin bruno, Stil de 
grain brun 

A vary fugitive lake jhgmeiit prepared from queicitron 
barl^rf tiiree s})ecies of North American oak. Brown 
Pink is a deep variety of quercitron lake, which was for- 
* merly made from the berries of one of the s])ecies of 
buckthorn (Rhamnus) an(L]>rincij)ally precijhtated on a 
base of Alumina Hydrate to yield a transparent lake. 
I'his color w’as known in the time of Pliny, A.l). 77. (See 
Yellow Lakes.) 

Brown Pink is imitated by using some of the very per- 
manent and alkali-i)roof yellow lakes, wiiich arc products 
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of the, modcim chemical color industry and should bo 
useS by the artist in prefercnge to the fugitive genuine 
Brown Pin*k. 

BURNT CARMINE 

Byjgenlly roasting genuine Cochineal Carmine, a lake 
of deep ricfl purple hue is ohlffin^d, wliich shares the oh- 
.iectionahle fugitive (piality <if the genuine CarminC 
'('which see). 

BT. ROMAN OCHRE 

A calcined native earth, identical to the Ochres in 
chemical and physical ])roperties. 

BURNT SIENNA 

(See Ochres) 

Terre Sienna brule^, Terra di Siena bruciata, 
Tierra Siena tostada, Gebrannle Sienna 

(^alcined or itmsUmI natural Kaw Sienna. The iron hy 
drate, whicli is Mie yellow color-giving priiK'^fjde th‘ 
Raw Siennas, is conveyt(‘(l hy calcination into the re< 
iron •oxide, FcmO^, thereby considerably changing tin 
translucency and deej)ening the hue of tlie ])igment. • 

Tlie Sieiyias like Vmbcrs doubtless orginally took thei 
names from the localhies in which they were first found 
Analogous native earVli pigments arc obtained in ditferen 
countries, but for the fine arts tlic best arc still the ftaliai 
Siennas.’ They ajjpeared on the ])alettes of*thr*‘5arl; 
school of painters and belong to the safest colors for al 
techiii(iues, being exceedingly jiermanent and moderatel; 
transparent and useful in ifjmixtures with other pig 
ments. An inexpeiisive jngment, it is not liable to adiy 
teration. Hydrochloric acid dissolves {he iron of th 
ochres and siennas, forminjj’a yellowish solution of iroi 
clilofide. 1'he earthy and clay constituents remain a 
residue. 
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BURNT TERRE VERTE ' 

A^erona Brown, Terre Verto brullee, Tier^-a Ver- 
de Tostado, Qebraiiiite Griiene Erde 

A calcined variety of the natural Terre Verte or 
green earth (which see).^ 

^ Burnt Terre Verte 'is thorouglily dei)endable in all 
teclLni(|ues, being ])ormanent, senii-trans})arent and of 
ochre-l)ro^vn hue. , 

BURNT UMBER 

Terre d' ombre brulee, Terra d' ombra bruciata, 
Tierra de sombra tostada, Gebrannte ITiribra 

A calcined variety of tlie natural Raw Tbnber. 

Raw Umber (which sec) is a variety of Ochre and ob- 
tains its color from the large amount of iron hydroxide 
and oxides of manganese, present in its compositioii;^. 
Through roasting there is a consequent loss of water, re- 
sulting in a conversion of the iron hvdroxide4o iron 
oxide, thus yielding a warm reddish-brown line. Being 
an iiljjxpcnsive ])igment, it is not liable to adulteration. 

This< permanent, semi-transjiaient pigment is in use 
since classical times, proving safe and adaptable to all 
techniques. 

True Umbers are unaffected by lyes. Due'^to the pres- 
ence of maganese oxides, hyrochloric acid evolves chlor- 
ine gjjs wlien Avarnied Avitli tins pigment. I'liis I’paction 
distjn^ui^j^lies it from Vandyke Brown. 

CADMIUM YELLOW 

Cadmium Yellow Lem-on or Citron, Liglit, Medi- 
um and Deep, Cadmium Orange, Aurora Yellow, 
Orient Yellow, Daftbdib Siil])liide of Cadmium. 
Jaunfe de Cadmium, Gi.dio di cadmio, Amarillo 
de cadmio, Kadmiumgeh) 

All hues are of tlie one compound of (bulmium and 
Sulphur, namely Carlwiuni SulphUUt — CdS. 
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The pigmoiuts Cadmium Yellow medium, deep and or- 
angfe coiinist only of tlie Sut}3liide of Cadmium and jire 
the most permanent^of the ('admium Yellows. The lem- 
on or citron and light tints of Cadmium Yellow are usu- 
ally not the pure^ sulphide, but the same in combination 
‘with ftewqr^of sulphur, zinc o|; white pigments, and are 
then invariably not quite as permVnent as the medium or 
deeper hues. 

The metal (^admium was discTovere^l by JSt/omeyer in 
1817 hnd about 184G the suli)hide of Cadmium became re- 
cognized as a desirable and useful pigment. 

By in, Meeting a stream of hydrogen sulphide gas into 
an acidified. solution of a Cadmium salt (usually Cad- 
mium Chloride or Sulphate in solution) a ]>recipitate of 
yellow (^admium Siilpliide is obtained, wliich must be 
thoroughly Avashed of any soluble im])urities. It is es- 
sential that tlieia^ be no free sulphur ])ivesent in the ])ig- 
ment, Avhich is especially likely to occur if the pigment 
has not been <))>. allied by ])recipitation, but by heating 
Cadmium Oxide in a covered crucible Avith*))ur(»; Suljjilmi^ 
in excess. It is necesf^ayy that all the chemicals ufed in 
making tlie jiigment be absolutely chemically pure, as 
Iract^s of iron, lead, bismuth, copper or any other metal,, 
giving a coj^ired suliihide, Avould materially alter the line' 
and brilliancy of the desired color. 

The Avet process is in favor industrially iu the manu- 
facturS of Cadmium YelloAvs. The Sulphide of Cadmi- 
um Avill vary in hue from light yelloAV to a lieiV ^w?ifnge 
according to the concentration or strength of the solu- 
tion of the Cadmium salt, the temiierature and the length 
of time the solution is digeskyd Avith the hydrogen sul- 
]»hi(le gas, and Avlietlier the solution be neutral or slight- 
ly acidified. * 

The medium and deeptV hues of Cadmium YelloAv 
are normal colors, /.c., they are ]>erni^nent and are in- 
valuable as artists’ oil and AA^ater color ingments. The 
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paler Cadmiums are more likely to fade -slightly. The 
Cadmium Yellows have a fair covering quality but 'are 
not safe to use in fresco or stereochromy (mineral paint- 
ing) as tliey are acted upon l)y bases. 

A Cadmium Yellow, which is chemically ])ure is per- 
fectly safe in adniixtun^ with White Lead oil ‘color. 
Pmerald Gre(ui oil and water color, when mixed Avith 
Cadmium Yellmvs, will be ra])idly destroyed. 

Owing tathe cost of chemically pure Cadmium Yellow 
pigments there is great temptation to adulterate' with 
Chrome Yellow, Strontium, Zinc or Barium Chromates, 
etc. Chrome Yellows being the least expensive are most 
commonly employed. They can easily be defected by the 
production of black lead sulphide if the ])igment under 
observation is treated with hydrogen sulj)hide gas, or a 
solution of sodium sulphide. Piscoloration will not take 
place if the pigment be pure Cadmium Sulphide. Pur*'e 
(^admiiop Suli)lii(Ie .^*s entirely dissolved, Arlien warmed 
with concontrat(‘(l hydrocldoric acid, forming a colorless 
solution cadmium chloride and hydrogen sulphide gas : 

' . (US+LMl(1^(MCk-f 1I,S. 

-If adulterated with Chrome Yellow, the solution - will 
be of green color (formation of chromic cljloride by re- 
duction of the chromic acid by hydfogen sulphide). 

Sodium hydroxitle or potassium bydroxi(h‘ preci])itates 
Avliite- cadmium hydroxide from solutions of cadmium 
chlc^i^e, 'which is insoluble in an excess of the reagent. 

Mixtures of Cadmium Yellow and L(*ad White are of- 
fered under the name Jaime BrUViaiii, which color should 
be used with caution on account of the ])resence of lead. 
(Cadmium Yellows when mixed with Permalba or Zinc 
White yield tin'ts closely resembling the true Najdes Yel- 
lows and being more permaiient are advisable to use in 
place of the latter 

Aurora Yellow consists i>rincipa]ly (/f cadmium sul- 
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phide,^being a very brilliant, more opaque variety of this 
piglnent. • 

Neutral Orange is a mixture of Cadmium Yellow wixn 
Venetian Ked. 

Cadmium Red^a modern ])igment, is a mixture of Cad- 
mium* Sulpiiide and Cadmium. Selenide. It is ])erfectry 
permanent to light and in other* i-espects as safe as tlig 
i^admiums. Frequently used in ])laee (pf genuine mer- 
cury vermilions on-aceount of ^)ermjpienc*y, jt neverthe- 
less Is not quite as l)rilliaiii as these. 

Cadmium lied dissolves to a colorless solution in eon- 
centratej[l liydrocldoric acid with evolution of hydrogen 
sulphide a]^d liydrogen selenide. Adulteration with 
barytes would l)e indicated ])y an insoluble residue of the 
same. 

CALEDONIAN BROWN 

Brun de (biledonie, Bruno di (\aleflonia, Pardo 
(le Caledonia, Kaledoni.^h Braun 

A natural earth ])igment, a species of Cqiiber receiving 
its color from the brown hydrates and oxides of mfjiigan- 
(‘se and iron. The gc^niline Fiiiglish (^aledonian •Brown, 
like^tlie Uinbcu’s, is a normal ])igmeift. The color appears 
mostly as an imitation ]u*oduced by admixtures of Sien-I 
lias and Cttibers, a U^ss ])ermanent imitation is made of 
^^andyke Brown and Bt. Sienna. See Raw Umber for 
chemical iirojierties. 

CAPPAH BROWN 

Pardo de Caiipah, Kajqiahbraun 

*^rhis color conies under the cjassi(icati(»n of the natural 
Umbers, receiving its rich red-brown color from the ])res- 
ence of iron hydrates and oxides and consitlerable amount 
of manganese oxides (see Umbers). 

(hibpah i^rowfi was originally mined^iii Skibbereen, in 
the counky of (,^drk about 1814, but is today obtained* 
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from various sources, its composition varying cojisider- 
according to the localit>y from Avhich it is*obtaified. 
Many samples contain Bitumen and are, therefore, not 
safe. Admixtures of Bt. Umber and Bt. Sienna to ob- 
tain this hue are more safe, than those made of Bt. Si- 
enna and Van. Brown. , 

, The color can very easily be dispensed with by the 
cautious artist,' unless assured of the permanence of the 
brand to be used- For chemical properties see Raw 
Umber. ' 

CAPUSINE MADDER 

A permanent lake color of beautiful rich reddish-brown 
hue of good permanence to light. 

CARBON BLACK 

Gas Black, Gas Soot, Velvet Black 
Noir (le cliarbon, Nero (^arbon, Negro de carbon, 
Kohlenschwarz 

(Vjsist.^ chemically of the element Carbo)}. 

Caib)on Black is in all physical respects similar to 
Lamp ^lack but is more intensely black in color: Al- 
'thbugh not crystalline in structure, it has the appear- 
ance of such, being granular in form. 

In the manufacture of it, (^arlum'Black ditfers from the 
true Lamp Blacks, which are obtahied from the combus- 
tion ()l oils, by being made from the combustion of gas. 
In Afiibrica, })rincij)ally in many of the oil regions, the 
natural gas, which flows out of the ground is utilized for 
this purpose. The flames are cooled ])y iron j)lates on 
which the soot or carbon JWaek becomes deposited and is 
collected. 

Carbon^ Blaclt is the purest form of the Carbon Blacks, 
viz., Ivory Black, Lamp Blacks and Charcoal I^lacks, and 
,like these, resists acids and bases, is absolutely j)erma- 
nent and adaidable to all techiii(|nes, .Only at exceeding- 
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ly high,tcra])emturc the carbon unites with oxygen in the 
air, J^ieldirig the gas,^ carbon dioxide, leaving no ash rosi- 
due. Being an extremely poor dyer in oil, it also re- 
tards. drying of admixtures with other colors and on ac- 
count of its great tinctorial strengtli or intense coloring 
properties, ks stains every othor color with which it may 
be mixed. 

CARMINE 

• 

Qarmine Lakes, Carmine II, Cfimson Lakes, 
Purple Lake, Scarlet Lake 
Carmin, Carminio, Carmin, Karmin 

^ This beautiful rich crimson red color is obtained from 
the dried dead wingless female cochineal insect (Coccus 
Cacti) which feeds ui)oii several species of cactus, being 
principally indigenous to ^Central America, Mexico, and 
cultivated in Algiers, the West India IsJands, tlie Cana- 
ries, and Southern Spain. It ai)])eai> in two foryis on the 
market, as smalhsliining black shriveled granules (black 
(''ochineal) and small grayish dust-colored oval gr*ains' 
(gray Cochineal). The^( ’ochineal insect is sfill ^culti- 
vatedon large plantations. The dye has been ai/impor- 
tant* commercial ])roducl since theVonquest of Mexkn), 
1523, but has been almost entirely displaced as a dye by 
the modern coal-tar d}\*s. Lake ])igments were prepared 
from it, since the early sixteenth c(uitury. « 

The 'best kinds of ('ochineal consist of about ono-half 
their weight in red coloring matter, to which flionSme 
carmifiic arid has been given. This fine crimson extract 
can be obtained fi’om the insect by boiling it in water, 
when, on the addition of smalUpianities of acids or saline 
substances such as alum, a very fine red })owder is deposi- 
ted. This })ure carmine is sold in poVder form or 
l)rcssed into small blocks. 

Vafious hues are obtained by varying the bases, thus 
by the ])resence/)f iron, manganese or co))per generally 



34 


artistb’ pk^ments 

t 

dull hues are obtained ; a small quanity of lime present, 
w^l yield a purplish hue* (Purple Lake), •The finest 
quality is known as ''nacarat earmhie,'' 

Pure Carmine and Carmine Lakes are practically in- 
soluble in water, but are readily dissolyed by ammonium 
hydroxide. Pure (^armi;ie leaves less tha» JO percent* 
, ash when calcined. Tliis reaction serves to distinguish 
pure Carmine* from Carmine Lakes and otlier lake pig- 
ments, the*greatei\the amount of ash or residue the larger 
Ihe amounts of base (Alumina, (day, etc.) u])on wliMi the 
color was preci])itated. l^ure (^armine is entirely soluble 
in dilute sodium hydroxide. Upon the additioii^of an ex- 
cess of dilute hydrochloric acid to this solution the color 
remains in solution, as carminic acid— deej) red in color. 
This distinguishes Carmine from Aliz. Madders, which 
would ])reci])itate from the acid solution. 

Carmine is soluble in strong ammonia Ihjuor and the 
caustic alkalies, bu/ insoluble in all usmrl organic sol- 
vents. < 

** Ttje c<»'mnrm’cial methods of manufacture are ke))t 
more or less secret bv the various color makers, a verv in- 
ferior pigment bein^g usually obtained from published 
^ lecipes. The usual ]>rocedure is, however, to extract the 
color from tlie (kxdiineal, the* first ])recipitate yielding 
(^armine and from the filtrate li(|uf)r the various carmine 
lakes are oi)tained by ])recipitating the dye, wliich re- 
main? in the li(]uor, on the base of alumina hydrate. The 
CoeiRiieal lake ])igments are, therefore', weaker and less 
brilliant in hue, but like Carmine have the objectional 
fugitive ([uality. 

Carmine, Carmine II and Carmine Lakes ai'c (‘xceeding-, 
ly fugitive, bleaching not only by action of sunlight in 
very sliort tinfc, ))ut also are destroyed by many of the 
metallic pigments in mixtilVe. Tlioy decom])ose in ad- 
mixtures with thf raw earths becoming brownish iit color 
during })roeess of fading. They dry faiijly well in oil and 
like most all lake pigments are translucent. 
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Carnyne may be regarded as the highest, purest and 
mosf concentrated lake of the. series of lakes derived 
from this source. 1'he Alizarin (k)al Tar Lakes have in 
recent years almost entirely dis))laced tlie iialiiral C'ar- 
mine and its lake^J, the former yielding dependable, i)er- 
’manent and •more brilliant lak^s. 

Burnt Carmine. By partly roasting or calcining Car- 
mine a beautiful deep rich hue is obtainecf, whicli shares 
the same lack of permanenc}' as the (V>rmine from which 
it is (ferived. 

Pure Carmine is non-poisonous and is used in the 
manufacture of face powder, and as a coloring for can- 
dies and other food stuffs, etc. 

CASSEL EARTH 

This color is synonymous Avith Vandyke Bi'own, which 
see. 

CERULEAN BLUE 

t 

Coeriilenm, IMeu ccdeste, (^(indium, Coliuhlan 

Blue ceruleum, Aziil celeste 

, ♦ 

Consists principally of CohaJtous pxUJe, CoO and Tin 
Oxidr, SnOg. 

This liglit greenisli-blne ))igment is very pei-manent, 
almost oi)aqiie, is adajdahle to all techiiicjues, safe in ad- 
mixture with other jngments, and has only Hmited tint- 
ing pot\’er. 

Ceruleaft Blue is usually obtained by precipitaLjig a 

solution of (^)balt Chloride-— (V)Ch. — Avith ])otassium 

stannate, thoroughly Avashing the preciihtate and then 

.mixing it Avitli ])ure silica and 4;eating. Another method 

is to moisten tin oxide — SnO.> — Avith cobalt nitrate solu- 
. * *” • . * 
tion, strongly heating, then i)OAvder and Avash the greenish 

blue mass which is developecf, thereby obtaining a variety 

of Cefulean Blue’knoAvn as Coernlenm, » 

When viewed, bv artificial light Cerulean Blue does 
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not acquire a violet cast, so noticeable with othef cobalt 
blmes. By admixture of, ultramarine, viridian, and*zinc 
white and imitation of this color is obtained, lacking, how- 
ever, the distinctive characteristic cerulean hue. A.more 
j)ermanent imitation can bo made witli 4k)balt Blue, Viri- 
dian, Zinc White or Pgrmalba. 

• Cerulean Blue is practically unaffected by weak acids 
and alkalies. * , 

The sim{)lest meThod for determination is the deep blue 
glass bead formed when cobalt compounds are fused with 
Borax on a platinum wire. 

CHARCOAL GREY 

Gris de charbon, Grigio carbon, Gris de carbon 

• 

Made Ijy grinding the char#^oal obtained by charring 
soft woods. Ccrnsisting principally of Carbon, like the 
Lamp Bkcks, Tvory^Blacks, and Blue Blacks, which it re- 
^sembles chemically and in physical pj'operties.* It is, 
whef? wa!?he(f free of any soluble matters, a permanent 
pigmbnt for use in all technique.^ with but little tinting 
strength and little oj)acity. Is usually reduced in tone 
> \vlth Zinc White. See Lamp Black. 

CHINESE BL(JE 

’Synonymous with ]*rus.sian Blue 

A fcori^eynnide of iron, Ferric Ferrocy(iiiiilv—Fc^[FG 

(CN)„]3. 

Refer to Prussian Blue for chemical and physical 
jjroperties. . 

chine'se orange 

This beautiful rich brownish-orange color is a lake pig* 
ment made from a derivativ*e of coal-tar alizarin, precipi- 
,tated on a base of Alumina. This color shares the physi- 
cal and chemical pro])erties of the Ali/^avin Lakes (which 
see). 
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CHINESE VERMILION 

Sulphide of Mer(mry~-I{gH 

This quicksilver vermilion derives its name from the 
especially brilliant pigment obtained from China. It is 
chemically q^d physically idgntical to English andT 
French Vermilion and other hue^Thf genuine Vermilion,^ 
such as the Scarlet, Orange, etc. (See Vermilions). 

CHINESE WHITE' 

Blanc de Zinc, Bianco di Zinco, JBaiico de Zinc, 
Zineweiss 

Oocide of Zinc — ZnO 

This very brilliant Avhite pigment is an esi)ecially se- 
lected pure Zinc White, used in Water Color to produce a 
permanent and o])aque coV^r. This color was not origi- 
nally made in China as the name might? imply, but was 
first iiitrodiiceil in France about the .middle of tlie nine- 
teenth century and proliably given its name to hide its 
origin. 

It adapts itself as an^ ideal Water Color, TeraperJ and 
fresco- white, having the permanent qualities and ^physi- 
cal properties of Zinc White. 

CHROME GREENS 

Cliromc Green light, medium and deep, Zwinober 
Greens, Cinnabar Greens, Zinc Green, Green 
A\*rmiiions, Cinabro Verde, Cinabre vert, Cin 
abrio verde 

(^)iisists of mixtures of Prussian Blue and Chrome Yel- 
low .pigments in varying ainouMs to yield hues from the 
palest yellow-green l:o the deepest blue-green. 

These (lirome Greens sliould not ])e confused^ witli the 
Chromium Greens, namely tlie transparent hydrated ox- 
ide of Vhromiiim (Emeraude Green) or.opa(|ue Oxide of 
Chromium*, which aj*e permanent and very desirable col- 
ors. 
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Admixtures of Emeraude Green with Cadmiums, Zinc 
Yellows or Strontian YelloV yield p/ 3 rmanent and reliable 
Chrome Greens. On the contrary Prussian Blue with 
Gamboge or Yellow Lakes, being of organic origin are 
})rone to oxidize and are not as permanent to light. Ul- 
tramarine Blues wit4 .bellow pigments yfeld dull and 
frequently unreliable mixtures. 

The dirome Greens pf comnuuve are mostly mixtinvs 
of Prussi^'an BhuV and Chrome Yellow or Zinc Yellow. 
When Prussian Blue an<l Zinc Yellow are used the re- 
sultant hues of green are fre(iuently called Zinc Greens. 
The Zinc Greens jjossess the advantage over the (dirome 
Greens in that they are not sensitive to sulidiur and irre 
more permanent to light. 

.Chrome Greens ai'e usually mixtures of bine and yel- 
low on a barytes, clay or mixed base. In tlie manufac- 
ture of Clirome Greens great car(‘ must be taken, that 
Hie ingl-edieiits arc? chemically juire and car(‘ful^selection 
must be made of the hues aud chenfeal ])roperties of 
th(?il)lues and vellows to be used. The grinuis obtained 
by mixing the colors in a we4 condition are more inti- 
mately mixed than those made l)y grinding the colors to- 
gether in a dry state. 

The dirome Greens are ojhujije jhgments, fairly per- 
manent to light. A'cids cause tl*e color to become more 
blue in ln*ie, owing to their dissolving out the clirome 
yellow.^ Alkalies turn it orange, owing to tlieir combined 
action both on the blue (changing this to a reddish- 
brown) and on the yellow (turning tliis orange). Sul- 
])hurous gases or sulpliur darken tlie chrome greens, con- 
siderably, if load is present, as Chrome Yellow. 

Lyes dissolve out the (dirome Yellows, leaving a resi- 
due of unchanged Emeraude Green (Oxide of (diromium) 
if this xiigment was used, ^ and change Prussian Blue to 
browui color (formation of iron liydyoxide) if this lilue 
was used in the mixture with cliroiyieyvelloAV. In order 
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to test for Prussian Blue, add to the lye solution an ex- 
cess t)f hydrochloric acid and drop of iron chloride, 
which should produce a deep blue color, if Prussian Blue 
was used as a constituent of the dirome Green. 

Chrome Yellowf^can also l)e detected by treatino’ the 
('hrome Gretii with sodium sulphide resulting in the 
formation of black lead sulphide. * 

.Gamboge and certain yellow or green hike ])igments 
will yield yellow (or green) solutions »in alcohol, when 
used afi ingredients of (-hrome Greens. 

As pigments the (chrome (ireens when consisting of 
mixtures of Prussian Blue and Chrome Yellow arc onlv' 
desirable as oil colors and then not to be considered thor- 
oughly de|)endable for permanency. They are seldom 
used as water colors and not at all adaptable to fresco or 
other techni(iues. Their us^ as pigments dates fi*om the 
early niinheenth century. 

CHROME YELLOWS 

Chrome Lemon, Chrome Yellow ligiit, medium,,, 
and deep. Chrome Orange, Chrome Red, Paris 
Yelhiw, Kings Yellow, Jaime de (Jiromc, Giallo 
di cromo, Amarillo de cromo, (Jiromgelb 

The pure rich chrome Vellow hue is ncufral lead rhroni- 
a/c— PbCrO^ ; tlie paler tints and lemon or citron chromes 
are mixtures of lead chromate and lead sulphate, the or- 
ange hues are basic lead chromate — VhCrO^Phi), ^ 
The Chrome Yellows (neutral lead chromate) are all 
obtained as ])recipitates by the addition of a solution of 
a soluble lead salt to a solution oj a soluble chromate or 
bichromate. Ordinarily a solution of lead acetate is 
brought together with a solution of potassium chromate 
or bichromate, yielding a pre(^ipitate of Chrome Y^ellow. 
This must be thoroughly washed free of. the potassium 
acetate, which is formed and stays in solution. After 
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this the color is then dried at not too high a temperature. 
Ip order to obtain a uniform and brilliant produ6t the 
temperature of the soliltions during precipitation must 
be carefully regulated and great technical experience is 
required, as the resultant hue of tl^e precipitate may 
otherwise vary consider^ably. 

If during precipitation of the lead chromate, addition 
of the proper quantity of sulphuric acid is made, paler 
lemon oi\citron hues mil be obtained. Alum and Blanc 
Fixe (BaS 04 ) are also employed in making thfc paler 
Chrome Yellows. 

By treating yellow lead chromate with a weak solution 
of sodium or potassium hydroxide (caustic soda ,or 
T)otash), which removes some of the chromate radical of 
the lead chromate, basic lead chromate, orange yelllow 
to orange red in hue, will b(^ formed. Chrome Orange 
and Chrome B^ed, PbCrO^.PbO, can also be obtained by 
precipitation from» solutions of lead acetfrte, litharge and 
neutral potassium chromate; sometinios, also, Vith ad- 
dition of caTiStic potash to yield the dee*^per, redder hues. 

ISie Chrome Yellows are vqry strong toning colors, if 
chemically pure arc reasonably permanent to light, show- 
ing a tendency to darken somewhat, becoming brownish 
in hue, es])ecially noticeable vdien used as a Tempera or 
Water Color, like all pigmcnis containing load, sul- 
phurous gases convert the lead to black lead sulphide. 
Foiv fresco and stereochromy only the Orange Chromes 
at’e^iiractical as the Yellow Chromes would be rapidly 
changed to orange hues by action of the free alkali. 

The Chrome Yellows are very oyiaque and dry well as 
oil colors. As oil colors, especially if protected by a 
strong Him of varnish, the Chrome Yellow^s are reason- 
ably perman^int. 1 1 owever,wdien mixed with pigments of 
organic* origin, especially' those which themselves are 
prone to oxidije, they show a tendency to undergo re- 
duction, that is, loss of oxygen by their chromate radi- 
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cal, yielding tRc green or lower oxide of chromium. 

Hydrochloric acid,decompdse» Chrome Yellow yielding 
a solution, reddish yellow in color (free chromic acid) 
and a residue of white lead chloride : 

PbCrO, 211*01 -» H^grO^ + PhCl^. 

Chrome Chromic iTcid Ijoad Chloride, 

Yellow in iHolutiou ^ ^vhite, alniowt in- 

soluble preeipitate. 

Thg diluted solution of reddish-yellow chromic acid, if 
alcohol be added, will turn green in color upon warming, 
and produce agreealile aldeliyde odor, resembling the 
smell of Apples. 

The white ])reci])itate of lead chloride will dissolve in 
an excess of hot water, in which the presence of lead can 
be detected with sodium suliihide (formation of black 
lead sul])hide). 

Lyes also (lecomjiose (dirome Yellows with foi*mation 
of yelh'W colored solutions of the all^ali chromates. Am- 
monia dissolves •(dirome Yellows vielding a vellow solu* 
lion. 

Caustic soda, not in t‘x?'ess, changes Chrome YiJlows to 
orange color. Heated with carbon, Chrome Yullow is 
converted into metallic lead. 

Impure pigments containing free sul]>hnr or certain 
sul]diur compounds, such as the sul])hides, will darken the 
(dirome Yellows to a dark brown or gray (formation of 
black lead sulphide). For this reason they a^e^n(;om- 
l)atible with imr)ure Ultramarines, \'ermilions, lintho- 
])one White*, or (Cadmium Yellows. Wlien colors are re- « 
((uired in admixture with yellows, pure zinc yellow, lemon 
or •stroiiiian yellow, harium clivonmie or the cadmium^ 
should be used, as tJiese contain no lead. , 

Kings Yellow is an especijsilly bi-illiant pale A^ariety of 
Chroi3[ie Yellow, ^sometimes also mixtures of Chrome Yel- 
low and Zinc White ; or for water color* Cadmium Yello\^ 
and Zinc’ White. ‘The yellow sulphide of arsenic also 
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appears sometimes under the name King’s ^Yellow; but is 
more commonly known as *OrpimcKt. In recent years 
Orpiment has l)ecomo obsolete as a ])igment. 

Chrome Yellow^ was discovered about 1797 but’ evi- 
dence of its use as a ])igment does not appear until early 
in the nineteenth centi!^*y.'‘ 


CLAY 

China (day, Kaolin, Modeling (day, Porcelain 
Clay, Tonerde, Fuller’s Earth, Kieselguhr, 
White Bole, Idpe Clay 

Principally Hydrated Alnuuuum 

211,0 

The best varieties of clay for use in the fine arts are 
imported d'rom England. Clay is a natui'al product 
found generally in beds of varying thickness, tlie prevail 
ing colors being white, yellow, brown and red. These 
:‘olors are (Ine to tli(‘ ])resence ot‘ iron, manganese, coppi^r 
or ofi'or metallic oxides. The Ochres, Umbers and Sien- 
nas are clays colored with oxide?^ of iron and manganese. 
Fidler'^ Earthy Ku\sctgnln\ is a lairer variety, being 
forms of silica and silicate of alumina, diatomaceous in 
nature. When pure, the (diina (day is a fine bite, amor- 
phous powder, the cliief characteristics of which ar(‘ its 
plasticity and sliglit adhesive (piality, its gr(‘asy feel and 
lustre." B is quite insoluble in water, dilute acids and al- 
kalies and only sliglity affected by heat. Wlien strongly 
heated, the Clays become (juite hard, due to the loss of 
moisture and combined ’water, ddiis property is utilized 
in the manufacture of Pottery, ]h)rcelain, (diina, Bricks, 
etc. The finest (diina (Jlays are generally known as 
Kaolw, which is its (diinese name. Prior to the dis- 
covery of the (diina (day de])osits in England and otlier 
countries, the best' kinds of white jiottcny Avere imported 
from China, hence its name China (day and the pottery 
n;»ade of the same became ,^o be knoAvn as (diina. 
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Modeling Cfeys (Plastic Clays) are especially selected 
clays (Rotten Granite) yielding a stiff paste with water 
and consist exclusively of mixtures of pure aluminium 
silicate and silica. When foreign bodies, especially lime 
and sand are present, according to the amount of these in 
admixture, ftie ])laslicity of tlitj c,lay is reduced. 

As a })igmeni China (hay is quite permjinent, resisting 
perfectly exposure to liglit and a^mospliere for any lei:^th 
of tiipc. Owing to its lack of body and transparency 
when ground in oil, it is more advantageously used as a 
('arrier or base in llie ])re))aration of lake colors and as 
an inert 'exlender or filfor, in the heavy paint trade. It 
is also used to keep pigments of heavy gravity in suspen- 
sion. 

COAL-TAR COLORS AND DYES 

^ • 

The large group of artificial organic dye-stuffs, which 
only since tho*middle of the nineteenUi century, have been 
svniheticallv pi'f)diic(‘d from the chemical constituents^ 
of coal-tar, formerly considered a waste by-pfodiyt of 
destructives or dry disjiliation of soft coal in the manu- 
factuiie of coal gas, ammonia liquojt’, tar and coke, have 
almost in i*ecent yeai’s displaced the natural organic dy§s. 
These latte:^ re])resent cotor extracts of organic and ani- 
mal origin, such as farmiiie from the dried C^.)chineal 
insect. Yellows from the (j)nercitron Bark, Afizarin from 
the Moulder Boot, etc. The natural dye-stuft> Avere 
known anti used Jis dyes and pigments from earliest 
classical times. Pliny in his ‘^Xaturalis llistoria,^^ A.D. 
77, made considerable mention of them. 

toal-tar is a brownish-black,*.oily, viscous fluid, colored^ 
by suspended carlion and of exceedingly complex com* 
position. More than a hundred substances are more or 
less accurately knoAvii and identified in it. These neut- 
ral, acid and a small quanity of basic j^ubstances are ob-^ 
tained individuaTy^from the coal-tar, partly by fractional 
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distillation and partly by chemical means. Tl^) crude 
tar is distilled usually info four fractions : 


Distillate 

Distilling 

Temperature 

Constituents of the 
Fraction 

4. 

Light Oil or Crude 

i ' ' 

1 I 

Naphtha 

. 1 ' up to 170° C. 

1 1 

*Benzcnc (Benzol) and 


[ homologiK's. 

Middle, or Carbolic oil . 

170°-230°C. : 

Carbolic Acid and 

A 

Naphthalene. 

Heavy, or Creosote oil * 

230°-27()° C. 

Constituents not usually 
separated. »> 

AnthraceiK' oil 

above 270° C. 

Anthracene. 

Pitch 

residue in still, consist- 
ing mostly of carbon. 



* Benzene C«H, (Bonzol) from co;il-tar slioultl not ]>o (‘onfused wjth 
Benzine a derivative of retroleunu 


,Tlie oily distillation products, which alone are valu- 
able to the color manufacturci, form about 48 percent of 
the total distillates, comprising essentially the following 
hydrocarbons : 

Benzene (Benzol) (\;llu from which -Miiiline and many 
dy(^i< and drugs are prepared, and its homologues Toluene • 
(Toluol) ColIsCHg; Xylene (Kylol); Phenols; Cresols; 
Naphthalene >'»ol(l ordinarily as moth-balls nnd the 

starting point for synthetic Indigo and Anthracene 
from which valuable dyes such as Alizarin and 
Indanthrene are made. A very few of these tar products 
are directly used for color making, most of them being 
convfeit^-d by chemical processes into derivatives, suitable 
for reactions employed for producing the coloring mat- 
ters. 

Unfortunately the greater majority of the inconceiv- 
. able number of colors obtained as dyes from tlie coa.l-tar 
I derivatives cannot bo ])ractically psed to manufacture 
lake ])igments, owing to their exceedingly fugitive ciiarac- 
ter when exposed to light, which is lil^ewise true of the 
lake coloi's made from them. S(une of the true aniline 
colors, as Mauve (Aniline Violet). Fuchsine (Aniline 
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Red), Methylgreen, Aniline Blue, the Eosines, many yel- 
lows* ole., on account of tlieir, great brilliancy, are in de- 
mand and used despite tlieir fugitivoness, some disa])- 
I)earing entirely if exposed to direct sun light hut for a 
short time. 

Aniline Colors do not comprise the entire group of Coal- 
Tar Colors as is often erroneousry supposed, but repre- 
sent only a small group of one of the many already men- 
tioned derivatives of the coal-tar, ha\»ing as -their base 
Anilirt^ or its related compounds. 

In the year 1856 Sir William Perkin discovered a beau- 
tiful violgt compound, mauve, while experimenting with 
aniline. During the next few' years he established the 
manufacture of mauve on a commercial basis. This 
proved to be tlie starting point for a great industry for 
the ])rci)aration of thousaiuls of diffcu'cnt colors j)f almost 
every conceivahh^ liu(‘ by synthetic process{\s. Some of 
the artificial dyes are identical with those obtained from 
natural sources, ^)eing in many instances more brilliant 
and permanent than the original. 

The majority of coal-tiw* dyes are soluble in w^ate/ and 
must l)e precipitated on a neutral base or carrier, to form 
an insoluble lake pigment. Alcohol or w'ater extracts 
some dyes from lake ])igments, or from })igments which 
have been adulterated* with dy(‘s, this forming a simple 
test for their detection. • 

Whert some of the more permanent lake pigments (ali- 
zarin, etc.) "are used in admixture with such colors £fs fhe 
Burnt Ochres, P>t. Siennas and l>t. I’mlau’s, etc., they 
can not be looked upon as adulterants, but are safe com- 
binations producing a more Innlliant and colorful pig- 
ment. 

Some coal-tar colors, whicli are entirely free from 
poison or liave no jdiysiological effect on the human sys- 
tem anil which before use must have the ^approval of gov- 
ernmental #bureaus are frequently used as coloring mat- 
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ter in food stulfs, viz., confectionery, ice cream, beverages 
and also in cosmetics. Tlie coal-tar i)rodncts are used 
principally as dyes ainf for the manufacture of color 
pigments. There are however, any number of other pur- 
poses for which they are used. 

f 

COBALT BLUE 

Bleu de Tlienard, Kings Blue, Bleu de cobalt, 

Bleu Cobalto, Azul de Ool)alto, Kobaltblaii^ 

•Principally the Oxides of Cohalt — GoO— and Ahmi- 
ALO^^—with occasionally .presence of id^osphoric 
acid; arsenic acid or Zinc Oxide, to yield different hues. 

According to the method employed in its manufacture 
Cobalt Blue is a mixture of either oxide, phosphate or 
arsenate of Cobalt with alumirium oxide yielding a deep 
rich blue tending toward violet. Optically Cobalt Blue 
reflects a considerable amount of green and violet light, 
in consequence of which it acquires a decided purplish 
hue^wheti examined by artificial light, particularly by gas 
or candle light. 

The usual Cobalt pines of violet hue, are compounds of 
cobaltous oxide and aluminum oxide. Variable amounts 
of zinc oxide to Cobalt yield a pure greenishd)lue, the hue 
of which varies according to the quanity of Zinc Oxide 
present. By heating at high temperatures an intimate 
mixtirve of Aluminum Oxide, or Alumina, (Aluminum hy- 
drate) with Cobalt carbonate, plios}»hate, or arsenate, 
the pigment Cobalt Blue is obtained. Alumina in (‘x- 
cess will produce lighter tints. 

The Cobalt Blues are \fsed safely in all techniques, ab- 
solutely permanent to light and air, non-poisonous, with 
little covering power and can be mixed with all other pig- 
ments without affecting them in any way, or being altered 
thereby themselves. Weak acids or alkalies do not affect 
Cobalt Blues, likewise they are impervious to sulphurous 
gases. 
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Ultramarifle Blues are sometimes offered as cheaper 
substitutes for the Cobalt Blues, but can be easily recog- 
nized by treating with acids (evolution of llgS). 

Like all cobalt compounds, when fused with borax on 
the loop of a platinum wire even in small quanities a 
. deep blue glass-btjad is formed. 

Cobalt Blue appeared as a pigment in the early nine- 
teenth century. 

COBALT GREENS 

Hinmann’s Green, Zinc Green, Vert de Cobalt, 

Vert de Zinc, Vert de cobalt, Verde di cobalt, 
Verde de ea)>alto, Ko])ali Gruen 

• Esseiilially a eompouiid of Cohalf oiis Qjide --CoO— 
with Zinc Oj uJe—ZuO, 

These greens are })repared in similar manner to Cobalt 
Blue, the com])ound being* formed when cobalt •oxide and 
zinc oxide, in intimate mixture, are heated at hjgh tem- 
peratures. Thejjaler tints require consistently greater 
amounts of zinc*oxide. 

The genuine Cobalt Greens are absolutely permafient, 
semi-transparent, the deeper shades being more transpar- 
ent, dependable and safe in all techniques and in mheturea 
with other ])igmeiits will pot alter or themselves lieeome 
altered by these, will f\ot decompose at moderately high 
temperatures. . 

J lydy)ehloi*ie acid dissolves Cobalt Greens to rose- 
red solution (Chlorides of Cobalt and Zinc). Tiie*deep 
blue glass-bead, characteristic of Cobalt compounds, will 
be produced when fusing Cobalv Green wdth borax on a 
platinum wdre. 

Sbme less expensive pigmenfs are found on tlie mar 
ket under tlie name Cobalt (ireen, Avhich are usually mix 
tures of Ultramarine and Zinc Yellow. ThesC'arc not 
however, as safe,* as substitutes obtained by mixtures o 
Cobalt Blue and (-admium Yellow^ or other safe Yellow^s 
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Emeraude Green (hydrated oxide of elirommm) or oxide 
of chromium opaque having greater color value ^and of 
equal permanency find greater favor as a pigment. 

The Cobalt Greens were discovered by the Swede, Rin- 
mann, during the end of the eighteenth century. 

COBALT VIOLETS 

Cobalt Vicilet Light, ^ Cobalt Violet Deep, Cobalt 
Red, Violet dVi cobalt, Violetto cobalto, Cobalto 
violeta, Kobaltviolet 

Anhydrous Cohalt Phosphate — Co 3 (P 04 ) 2 . 

This absolutely ])ermanent an'd dependable violet hue 
pigment, transparent, with but little tinting power o*r 
brilliancy, is ada])table to all techniques. It is not acted 
upon by acids or bases and heat will not destroy the Co- 
balt Violets, as is the case witli the great number of more 
brilliant organic violets lakes, such as Mauve, Purple 
Lake, etc. CV)l)alt Violet is insoluble in the ordinary sol- 
vents and is not discolored by sulphurolis gases. 

preci])italing a solution of any soluble Cobalt salt 
with a ‘solution of Disodium Phos|)liate (Na JlP()|1211d)) 
thoroughly washing and drying the precijutate and .then 
heating to a high temperature, the yield will be Cobalt 
Violet. 

PigraentJi consisting of cobalt an<l magnesium oxides, 
prepi^red at high temperatures to yield more reddish hues 
arc sonfetimes called Cobalt Red. When alumina is pres- 
ent a more purplish hue is obtained. These pigments 
are quite permanent and possess complete stability in the 
different vehicles empJov.ed in the various techiiiciues. 
Likewise, the Cobalt Violet pigments consisting of cObalt 
arsenate, with sometimes small quanities of the phos- 
phate present, obtained also at high temperatures, are of 
varying lines and share the permanent qualities . of the 
Cobalt Violets already described. 
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Ueatod on Hie loop of a platiinim wii*c witli Borax, like 
all Cobalt compounds, the Cobalt Violets will yield a blue 
glass bead. 

Cobalt Violets were introduced as pigments in 1859 by 
Salvetat. 

COBALT YELLOW 

Aureolin; Jaune de Cobait; Kobaltgelb 

This yellow crystalline compo^jiid salt of the metal Co- 
balt, double Nitrite of Cobalt and Pofasshtm* has been 
descrit)ed under Aureolin, with which it is synonymous 
in chemical and physical properties. 


COLOGNE EARTH 


This color is synonymous with Vandyke Brown (which 
see). 


CORK BLACK 


Receives its color principally from Carbon, in,form of 
a char(?oaI. 

This ])igment fs a variety of earlxui black obUiined l)y' 
charring cork. It resemj)les Blue Black (wliich sec) in 
all i)hysical ajid chemical ju'opertic^s, however, lu<V more 
tinting strength than most other charcoal blacks* 


ORAP LAKES 

(See Madder Lakes) 


CREMNITZ WHITE 

Bianco Cremnitz, Blanc de (h'emnitz veritable, 
Blanco de Oems, Kremserweiss 

A basic carbonate of lcad~~2\^hC0-^.Vh{01l).^, 

This pigment derives its name from a certain quick 
process for the ])reci])itation of White Lead, originating 
at Kremnitz in Bohemia. The White Lead obtained by 
this method is in all chemical rcsi)ects similar to the well-* 
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known Dutch process White Lead and th^ more recent 
White Leads obtained by various new processes/ Phys- 
ically it diffei's, however, from most other White Leads 
in that it is of decided crystalline structure, exceedingly 
hard, differing considerably in this respect from the 
raore amorphous, soft Flake Whites.* Cr(jranitz AVhite 
^ will in consequence ofdts structure, yield a surface with 
fine grain, to .which subsequent ap])lied colors Avill ad- 
here well.. It, tliQreforrf, forms an ideal pigment for the 
laying of foundations, giving a decided ^‘tootli’^ on*which 
to i)aint. 

Cremnitz While possesses asj a pigment al^ the best 
qualities of the AVhite Leads, viz., good color, opacity and 
permanency to light and pure air. It is very sensitive to 
sulphur, sulpluiretted hydrogen, sulphides, and sulphur- 
ouh gases, in their presence fuming brownisli to black 
(formation of Irfack lead sulphide). If protected by an 
oil film \uid coat of« varnish this I'eaetion is not likely to 
occur. There being no such protective t ehicle or vai’uisli 
use^in fresco, mineral painting (Stcreochromy) or water 
color techniques, eliminates Cremnitz AA^iite from use in 
these. ^ 

‘Impure C^adiniuin Yellows, Quicksilver Wrmilions, Fl- 
tramariiies or other jhgments Containing fr(;t^ sulpliur or 
dangerous sul])hur com])ounds, in* coniixture witli Ci'eni- 
nitz White *will ])roduce discoloratioji. AVlien these ]ug- 
ments*‘ are ])ur(‘ this reaction is not evid(‘nt. ^fixtures 
with pigments of v{‘getable or animal origin are ])est re- 
garded as of uncertain stability, b(H'aus(‘ the organic 
])igments in mixture with the white lead suffer decvni- 
}K)sitioii or reduction. • 

• For furtliei; chemical and jdiysival properties refer 
to AVhito Lead, with which (h-emnitz AVliite is synony- 


mous. 
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CYANINE 

Leitch’s Bkie 

A mixture of Oo])alt Blue and Prussian Blue. 

This semi-transparent color is practically permanent, 
the Cobalt BJue constituent of Jhe admixture seeming to* 
protect the Prussian Blue from •change, by absorbing, 
some of the active (actinic) rays of liglit. Less satis- 
factory mixtures of TJltramarine*Blne and Pinu^siaii Blue 
are sotnetimes also offered as this color. 

Cyanine Blue can only bo used in oil, tempera and wa- 
ter color ^technicpies, amj not in fresco or stereochromy 
o^ving to the deconi])osition of the Prussian Blue constit- 
uent in ])res(‘iice of alkalies. (S(H‘ Prussian Blue and 
Cobalt Blue for chemical proj)erties.) 

CYPRUS GREEN 

A vev\ permanent lake color of individual brilliant and 
rich blue-green line. The coloring pi’inci])le being preci- 
})itated on a transparent base of alumina, lends tlie)ff)ig- 
ment particularly useful Ss an overglazing color. • 

Cyprus Green is adaptable only in oil and water color 
techniques. 

DA VEfY’S GRAY 

A color ])rei)ared from silicious earth, either clay or 
slate u*!ed mor(‘ extensively in England as a pigment, 
where it was originally introduced by Mr. Henry ])«i\1}y. 
The color is. ]K*rmanent, semi-transparent and used prin- 
cipally in mixture with other colors to reduce the tones, 

vieTding shades clearer and lUfire translucid than when 

* * , ^ 

blacks arc employed for tins purpose. 

Admi.xtures of Cobalt Blue (or Ultramarine) Lamj) 
Black and Zinc Wliite are sometimes offered as Davey’s 
Gray, and as sueli are also permanent apd durable. 
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DELFT BLUE 

Delft Blue No. 1 d^ep, Delft IJlue No. 2 light 

This semi-opaque deep hue is obtained by admixture 
of Indigo and Ultramarim^; is not, however, as permanent 
to light as when tlie same^is obtained from P^'ussian Blue 
(or Antwer]) Blue), Lamp Black and Ultramarine. 

DRAGON’S BLOOD 

A deep brown-red colored resin obtained principally 
from one of tlie rallan cane palm trees, Calamus dracOf 
found native in Eastern Asia. The ripened fruit of the 
tree is covered with a deep red, very friable resin, whidi 
is collected. This resin also exudes from wounds, made 
foi; this purpose, in tin* bark of the tree. After sifting 
out any impurities, the r(*sin fs heated either by placing 
in the sun, or in boiling water, and moulded into thin 
rolls, then wrappeiT in reeds or palm leaves and*in this 
u*onditioij, is placed* on the market. 

T.\e best (jualities of Dragon’s Blood are of deep red, 
nearly* blackish color, homogenVous, inodorous, with 
sweetish taste, nearly opaque; however, in thin slices it is 
of transparent deep crimson color. As a pigment it is 
exceedingly fugitive to light, a ve\y poor drfer in oil and 
the color i,s destroyed when in mixture with certain 
metallic pigments, such as White Lead, etc. Dyagon’s 
Bleod soluble in alcohol, benzol, chloroform, alkalies, 
in most fixed and volatile oils, and spai’ingiy soluble in 
turpentine or ether. At one time it was used in pharm- 
acy, its astringent properties being valued medicinally. 
•It is now used principally as coloring for lacquers, varn- 
ishes, toilet ailicles, etc., but seldom* as an artists’ color. 

Dragon’s l^lood was called ^^Ciuuahar'' by the ancients 
and received mention by Pliny in liis*“Naturalfe His- 
’ toria,” A.D. 77. 
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EGYPTIAN BLUE 

A double silicate vf calcium^ and copper— QwO.CviO, 

4Si02. 

A pigment known and used by the early Egyptians 
from the tiinp of The fourth dynasty and throughout the 
Eoman Flmpire until the seventh century, when its manu- 
facture and application as a pigment ^eems to have 
ceased, not appearing on the pafette o^ the artist during 
the m^iiy following centuries. Egyptian Blue is soluble 
in boiling hydrochloric acid, which solution if treated 
with an excess of ammonium hydroxide, shows the deep 
blue colored solution characteristic of pigments contain- 
ing copper. 

EMERALD GREEN 

l\aris Oreen, Vert P^y^il Veronese, Schweinfurt 
Green, IMitis Green, Veronese Green, Cenere 
verde. Vert ccnidre, Verde cvniza, Mineral 
Green, rUvedisli Green, Scheples Green 

Cupric Aceto ((hi()Asj.()..j);{.(hi(CJl 30 o ^2 

Emerald (ireeu is an«aeeto-arsenite of copper, \;arying 
some\yhat in Oomjjosition according, to the process em- 
ployed in its manufacture. In 1814 while experimenting 
to improve SJieeles Green,' feopper arsenite) (also called 
Mitis Green and Veronese Green) named after its dis- 
coverer, the eminent Swedish chemist Scheele in 1778, 
the much more brilliant Schweinfurt Green (Eviierald 
Green) was developed at the color works of W. Sattler 
at Schweinfurt, from which it receives its name. 

Sjcheeles Green, Mineral Green, Swedish Green, Cupric 
Arsenife—CuUAM:^ has similir physical and chemical 
properties to Emer^^ld Greens; is, however, not as per- 
manent to light, is non-crystalline in structure and being 
far inferior i]i hug has been entirely displaced by the Em- 
erald Greens. Scheeles Green, wlien headed with sulpliur- 
ic acid, will no4 /levelop the characteristic vinegar 
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odor, evidenced when Emerald Green is'treate^l in like 
manner. 

Soon after tlie discovery of Emerald Green many meth- 
ods were developed to produce these greens and altho 
they are all based on the use of Vei^digris, or copper 
.sulphate (Blue vitriol^, liceiic arid (Vineg&r) and tvhite 
arsenic as the essential materials, a great number of 
varying hues'are obtained according to the pi’ocess em- 
])loyed. The ref^ultant color in all cases must be thor- 
oughly waslied in order to prove dependable as* a pig- 
ment. In hue, Emerald Green, is nearly normal green, 
\'erging on bine-green. * • 

Emerald Green is a ])ractically permanent color in oil, 
}>roviTig safe in admixtures with most all other depend- 
.able x)igments, Ultramarines and Vermilions being per- 
haps the only exceptions as# in commixture with these 
tlie black sulphide of copper may be formed. 

Emelald Green tdioidd nrrer be used with the Cadmi- 

* 

urns. In this mix<urc discoloration qjiickly ensues and 
th^jaint becomes black. 

Mo§?t organic lake pigments*ai;e readily decomi)osed in 
mixture with Emerald Green. 

When ])rotecied by a strong film of varnish, im])nre 
air cojitainiiig snljdinr gases, •cannot attaclj^tlie Emerald 
Green to form black co])i)er sul])Tii(1e, which is noticeably 
evidenced Vlieii used as a water color. 

Enf?‘;;rald Green is entirely solulde in boilinjj liydi’o- 
chloVic acid or nitric acid or ammonia, yielding no insol- 
uble residue (Barytes, Gypsum, Chromes, etc.) and should 
show no precipitation upon addition of barium chloride 
to the clear solution. '\J*hen treated with arid potassium 
ferrocyanide^ Emerald Green will discolor lu’ownish. 
Hydrogpn sulphide gas — 1I..S— as also sodium sulphide, 
will decompose the copper greens, with formation of 
black copper sujphide. 

A small amount of Emerald Greep dissolved in hydro- 
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chloric rfcid, if a small piece of metallic zinc be added, 
will evolve the extry^wdy poisonous gaseous Arsine 
(AsIIJ, recognized l)y the characteristic garlic-like odor. 
Use extreme caution if this test be made. 

Emerald (i^*eon is a ^'ery ])Qisonous ])igment. The 
commercial Paris Green, Cupric Jr.^c/?/7c-~(hiIlAs(^.j— 
also a compound of ()o])])er and Arsenic, is a powerful 
insecticide and vei’v inferior as a pigment. 

Amnionium liydroxide dissolves Emerald Green to a 
deep blue colored solution (characteristic test for all cop- 
per pigments). 

Eraerahr Gr(‘en owing to its s(*7isitiveii(‘ss towards 
alkalies is not adaplai)le to mineral ]>ainting or fresccj 
techni(iues. 

EMERAUDE GREEN 

Verde smeraldo, \'ert emeraude, Verde esmiu*- 
alda, 

llydraled Oxide^of (liromium -CvJi^Or,, 

This exceedingly ])ernianent and unalterable green pV^^- 
ment is one of the most useful and safe colors to be found 
on the artists’ ])alett(‘ for all techniques. Its clieiuical 
and ])hysica] prop(‘rti(‘s are fully described under Oxid(' 
of Chromluwjrausparcui, with which pigment it is syn- 
onymous. 

FLAKE WHITE 

Mlanc (T Argmit, Idaiico de plata, llianctr 
argento, Bleiweiss, 

lUislv Carboualc of Lead -2PbC’().^.Pb(OTl)o. 

A variety of AVhite Lead obtained by one of the more 
recent' (pi ick processes,” which 'are improved develoj)- 
ments over the original Dutch process (see AVhit(‘ Tjead). 
It yields a decided amorphous, flaky pigment, lacking the 
more crystalline structure of the Dutch and Gremnitz 
White Leads. 

Some artists’ Flake AVliites are an (^specially opaque 
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variety of Zinc White, altho not having quite tlfe degree 
of opacity of the lead \Wiite, have ‘the redeeming quality 
of retaining their more brilliant white color, when ex- 
posed under conditions which would considerably alter 
the appearance of lead jvhites. Such'a condition, under 
which the lead whiter and pigments containing lead, are 
subject to change, is in the presence of sulphurous gases, 
or in adi)iixture»with ibipui'e ])igments having excess of 
free sulphur, or sulphides. 

FLESH OCHRE 

* *- 

Ocre do chair, Ocria di came, Ocre color do came, 
Floiseliocker, 

, A variety of natural ochre receivin^o: its color from the 
presence of iron hydrates i?nd oxides. Like all native 
ochre ])iginents, it is an absolutely dependable and per- 
manent color for ^nse in all techniques, with fai^r decree 
of opacitv. Tn mixtures Avith organic* pigments, such as 
th\ lake colors there is a slight tendency to decompose 
the latter, thereby destroying the color. Physical and 
chenjical properties are fully de.scribed under (Mires. 

GAMBOGE 

G arnbogiuni, Gunnnigutt, \lomaguta, Gomme- 
gutte, Gomma gntta, Goma gntta, 

A 

# ^^^mi-s()lul)le gum-resin produced by several species 
of Garcinia tree found native of India, (Vylon and Siam. 
The best varieties an* usually offered in ])ipes, or cylindri- 
cal rolls of varying leni>;th, about oiu* and one-half inch in 
diameter, very brittle, 'of onange color and covered with 
a yellow powder. The gum resin exudes as a milky 
liquor Trom incisions in the bark of the tree, gradually 
setting hard. It is tlien collected, melted and poured into 
moulds of hpliow bamboo cane. The powdered gum 
Gamboge is often adulterated with starch, flour or even 
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powdered resii>, etc. (Jarribo^e g^ives a cloudy emulsion 
wheit dissolv(‘d in water, haviiyi^ no odor, but of very 
acrid, bitter taste, it is poisonous, its strong purgative 
properties being used medicinally. 

(Jamboge is a iuixlure of about -0 per cent, water-^ 
soluble gum Und about 80 per ccftt. alcohol, ether, chloro- 
form, etc., soluble resin. This resin has x)roperties of 
an acid, forming compounds w^h soda, lime or other 
bases and is the active color principle of the Tjamboge. 

Gamboge gradually fades exposed to light and bleaches 
under exposure to strong sunlight, however, recovering 
its color when placed in tl%(‘ dark, which is also charaeter- 
islic of the coloring matter of many vegetable oils. Al- 
though not atlectcd by suljdiur compounds, Gamboge is 
darkened by ammoniacal vapors and alkalies, is soluble 
in alcohol, ammonia and inirtially in ether and has no 
chemical action on other pignnmts, however undergoing 
decomposition iiitadmixtiire with certain metallic pig- 
ments, siK'h as A\niite Lead, (dironie Yellows, A^erdigis 
and some native raw earths. High t(‘m])eratures ^dll 
also destroy this color, ‘(famboge is dissolved by •acetic 
acid and turns d(‘ep orange red with* caustic ])otash. 

With Prussian Plue or. indigo a wid(‘ range of clear 
and rich gi'c^ns is obttiined, of which extensive use is 
made in water color jiainting (lloolcers Grvoi 7 lighiy 
Hooliev}^ (irvvH No. dcop and Prussian Cn'ccn). These 
greens ar(‘ iiot permanent to direct sunlight, owing k) 
their content of Gamboge. 

As an oil ('olor Gamliogc* is greatly enhanced in per- 
mar/encv and durabilitv bv the adition of a small amount 

• * . * * .V 

of copal resin or wax. The partial solubility of Gamboge 
in most ordinary solvents, nmders the restoration of 
aged paintings very difficult. 

The early KlemMi oil-paint(‘rs used Gamboge and dur- 
ing the 17th century it was employeif in making the 
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famous embossed letters of golden hue, for which Am- 
sterdam was noted. 

GERANIUM LAKE 

Laque geranium, Lacca geranio, Laca de geranio, 
Geraniumlack, 

\ ^ i 

This color will be best understood if reference is made 
to the listing of “ Lake Colors,” under which all lake 
colors artfully described as a class. 

Soon after the discovery of Eosin dye, in 1876, many 
lake pigments were introduced having this powerful and 
brilliant, but exceedingly fugitive dye as the coloring 
principal on various bases. Tlie Geranium Lakes used 
principally in the fine arts are precipitated on the trans- 
parent alumina hydrate base. This color when produced 
from fugitive dyes, such as Eosin, Erythrosine, etc., fades 
in very short time and shouTll not be used, even if only 
a fair amount of permanence is recpiired. 

The development of the coal-tar dy;*^ industry has in 
recent years fortunately made it possible to produce a 
(Te^aniuni Lake, which is of good })ermaneTicy. Some 
artists’ Geranium Lakes have been developed from this 
new Color to yield a pigment, which can lie considered 
practically pennanent under exposure to light, and un- 
affected by alkalies. The artist (Tesiring to use Geranium 
Lake shonhl first acquaint himself with the ])ermanence 
of the color from the respective color manufacturer. 

Tlie>e are two usual commercial hues of Geranium 
Lake, that having a decided bluish under tone and that 
tending towards the yellowish. 

AVhen made of permanent constituents Geranium Lake, 
like all Lake Colors, is best used as an overglaze color 
and should not be put in admixture with any of the raw 
earth pigments, i.r., Law Sienna, Umbers, Ochres, etc., 
and with certain metallic pigments, /.c., the Chrome Yel- 
lows, Chrome Greens, White Lead, etc. with which colors 
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decomp^osition»is prone to ocur. Mixtures with safe 
colors, such as other permanent lakes ; chemical pigments, 
such as Cobalt Blue,’ Cobalt Violets, Opaque and Trans- 
parent Oxides of Chromium, the calcined native earth 
colors, such as Bt^ Sienna, Bt. Umber, Light Red, etc. are 
dependable. 

Oeranium Lake finds use principally in oil and water 
color techniques, but is readily displaced* by the more 
])ennanent and brilliant, dependable Afizarin Madders. 

GRAPHITE 

Blacklead, Plumbago, 

An all()tro])ic crystalline form of Carbon. 

Graphite is obtained from natural deposits, the most 
important being found in Ceylon, Siberia, England, Bo- 
liemia, and New York. fii1i])hite usually varies*in purity 
()0 per cent, to 90 ])er cent. Carbon content, the remaining 
constituents beinj,^ mostly silica and clay. Graphite dit 
fers from other forms of (^arbon, in being very soft and 
of very high kindling temperature. That used as a fig- 
ment has a gray-black tint, with metallic lustre, iS quite 
opaque, unctuous to the touch and amorphous in struc- 
ture. 

With whit(^ (Zinc White) delicate neutral grays are ob- 
tained. Graphite when prepared free from any foreign 
matter# is an absolutely permanent color, having no effect 
on any cobr in admixture and has very little tiiititig 
strength. 

Alkalies or acids do not react with this pigment and it 
is il^soluble in all ordinary solve^its. 

Tn oil Graphite dries very slowly, and if applied in 
thick layers, a skin -forms on the surface, underneath 
which the color will remain soft for years anVl if over 
painted with colors drying hard such as zinc, red lead, 
umbers, ejtc., cracks^ are bound to result in the painting. 
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Asa pigment Graphite is of no importance, being used 
principally in the manufacture of lead pencils, i'or this 
purpose the selected Graphite is thoroughly cleaned of 
any impurities and mixed with clay. The varying de- 
grees of hardness are secured by altering the proportion 
of clay and the temperature under which* the moulded 
lead for the pencil is subjected, after which it Is encased 
in cedar wood and given the finish of the well-known lead 
pencil. . ' 

There also appears as a pigment, LEAD BLACK the 
black sulphide of lead made artificially or found native 
in the beautiful lead ore, Galena; which is however un- 
important and seldom used as a pigment, being prone to 
decom])ose or oxidize to form l(‘ad su1])liate, thereby 
changing the color to a ]>rownish-gray line. 

GREEN LAKES 

Green lak(‘ light, medium and deep.,^ Latino vert, 
Lacca verde, Laca verdts Gruimerlack, 

Tnis ])igin(‘nt has no definite composition, bthng made 
by difiereni colormen from varying constituents. There 
are many other commercially valuable and rt'asonably 
permanent green lakes to be had, which are usually ad- 
aptable to the specific pur])ose, for whiclf th(\v are in- 
tended. Namely the lugment is specially made, ])y alter- 
ing both the color princijde and tin* bast* on to which the 
ctdo?* in fixed to foi’ni the lake, to yield a product that will 
be acid, alkali, or gas resistant, non-bleeding in oil or 
water, trans})arent or o))a(iue and ])ei'manent to light, or 
to have any other phys-ical or chemical ])roperty, rhat 
may be required. 

Mixtures of Zinc Vellow and ■'Prussian l>lue with 
Alumina are sometimes off(‘red as r(‘asonably ])ennanent 
and safe Green Lakes. Those produced by admixture 
of such colors as Dutch Pink, Italian Pink or any other 
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of tlic Tory many fugitive orj^anic dyo-stuff yellow lakes 
with Prussian Blue are not to he eonsidered safe, some 
fading in din^ct sunlight under exposure of but a few 
hours. The artist must rely on the recommendation of 
the color mt^nufffbXurer to supidy a Green Lake, which 
will meet the recpiirements of the.technhpie in which the 
pigment is to l)e used. 

GYPSUM 

Terra Alba, Mineral White 

Jlydrafcd CaJciinn GaS(),.2TLO. 

Gypsum oc(‘urs nati^'e*priiicipally as the iru(* yifpsum 
with two moI(*ciiles of water of crystallisation — CaRO^.- 
2 HmO — and as the mineral (nihydritr in rhombic crystals 
-CaSO,. 

Large sti'ata and sometimes whole mounfains are 
formed of deposits of either or ])oth minei'als in many 
j)arts (,f tlie worVl, and are thought To havi‘ been formed 
as d(‘p()sits fi’om evaporation of the om* time inland seas 
or lakt's. (jy])sum is also madt* artificially, being sJino- 
tim(‘s a by-])!*o(lnct in ceftain o])erations. When found na- 
tive ill an imj)iir(* (hmsc* condition, informs tlie so-called 
(jypsum spar, oi- wlnm in a granular crystalline form, 
often mon‘ or less coh)re(l in a variegated manner, is 
known as aUishnsirr. 

Gypsum is a vory siift mineral, (‘asily ground and when 
pure is of good bluish- white color, lighter in gravity th^n 
barytes or white lead, but heavier than china clay or zinc 
whit(‘. It has but little o])acity when ground in oil ; work- 
ing, well with water, in which it is slightly soluble. For 
this* reason it is not good for- outside work, especially 
marine work in heavy-paints. 

As a base for lake pigments it is mmtral in its proper- 
ties and can be mixed with all other ])igments without 
aftecting them or. btdiig aftWted by thf?m. It is one of* 
the most* pennaiieirt jiiginents unaffectiMl by exposure 
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to light and air. Gypsum is soluble in hot hydrochloric 
acid, without effervescence. 

To test for Gypsum as an adulterant, boil a sample of 
the color in wafer, filter, and to half of the filtrate add 
hydrochloric acid and then upon the afidition of barium 
chloride, BaCl, an insqluW wliite precipitate of barium 
sulphate, BaSO^, will be formed in presence of the sul- 
phate radicle— S 94 — contained in the gypsum— C uSOa. 
To the other half of the filtrate, if gypsum is present, a 
white insoluble precipitate of calcium carbonate— (^aCO.^ 
— is formed upon the addition of sodium carbonate— 
Na.CO,. 

When heated between 100° and 204° C. Gypsum loses 
a portion of its Avater of crystallisation and forms a 
white powder known as Plaster of Paris, (Calcium Sul- 
phate— 2 CaS 04 .Hi.O) which has the pro])erty of again 
combining with water, setting to a liard solid mass ac- 
companied by a shglit increase in volume. Of this 
property, important use is made for moulding and cast- 
ing\ourposes and for the making of vwrfar etc. 

Stuaeo is a mixture of Plaster of Paris and rubble with 
absolution of glue, instead of water. Wlieii Gypsum is 
heated above 204" it loses all its water of combination 

K 

and be(*omes anhydrous calcimn siP.phatc -OaSO, — which 
is then no longer able to take up water of crystallisation 
again and will not set hard with water, it is then said to 
Ivc^ve been killed. 

Gypsum is one of the Avhite earth pigments used from 
earliest times and in mediaeval times, was already ap- 
plied, as a base for certain lake colors. 

HARRISON RED 

This pennanent brilliant veraiilion hue pigment is 
made from a product of one of the large dye industries 
of Germany and originally introduced under the name 
of Harrison Red in honor perhaps of the eminent Ameri- 
can artist, Birge Harrison. 
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It.hae great *tin ting power and will not bleed in oil, in 
which it is a very slow drier. • When used properly, it 
is a valuable substitute for most vermilions, being more 
dependable in permanency to light than these and can be 
safely modified fa hue by admixture with the Alizariij 
Madders. 

Being a Lake Color Harrison I^d has the usual chem- 
ical and ])hysical properties attrUmted ^o this class of pig- 
ments. 

HOOKERS GREENS 

Hookers Green 1 light. Hookers Green II dee]) 
Prussian Green, \^er(le di Hooker, Vert do 
Hooker, Verde de Hookcu*, I lookersgruen 

Mixtures of Prussian Blue and Gamboge in varying 
proportions to give light, ^ medium and deep hues oT a 
rich trans])arent green color, used almost exclusively as 
a water coloi*, sharing the lack of •permanency of the 
Gamlmge coustiliienl and ])ossessiug the chemical and 
idiysical ])roperties of ])oth constituents. The deepest 
hue is Prussia v Grcca.^ 

In (iil color similar hues are obtained by mixing Prus- 
sian Blue with the Alizarin Vellow Lakes, Cadmium Yel- 
lows, Zinc Yellow or Lemfm Yellow. 

The colors'receive their name from the artist who first 
introduced their a])})lication as pigments. 

INDIAN LAKE 

Lac Lake 

This deep red organic lake })i|!:ment is today very little 
in demand owing to its lack of bmlliancy and permanency, 
being satisfactorily r^'])laced on the artist’s palette by the 
far more safe, brilliant and permanent AlizarimMadders. 

Indian Lake ij», however, a very old pigment, known 
and used as early.as the thirteenth cenkjry and met with 
on old mahuscripts 
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The coloriii^^ ])riiiei])le (lae dye) of tliife lake pigment 
is the i^rodnet of Coccus, lacca, an i,nsect, which lives on 
species of trees, all of whicli liave very gummy or resi- 
nous sa]), ])rinci])al among which are the si)ecies Buiva, 
Ficus and Crofou. The gravid female^ insect punctures 
the bark of the tree and 1)ecomes enclosed in the exuding 
juice, which liardens into resin. The young develop in 
the ])ody of the dead mother insect and crawl out leaving 
a red coIoHng matter in the resinous deiiosit. This red 
dye (Lac dye) is then obtained from the resinous mass, 
which mass when l)roken off the twigs of the tree consti- 
tutes what is known commercially as stick-lac. 

INDIAN PURPLE 

A moderately ])ermanent semi-transpanMit color made 
usually by ])recii)itating Madder Lake in the i)resence of 
Ultramarine Blue. It has little brilliance and can be 
readily duplicated in line on the palette';of the aidist. 

‘ AVhen iirodnced by mixtures of Antwerj) P>lne and \"er- 
milion tinted witli Carmine, a less permamnit and bril- 
liant j/i’oduct is oldained. 

INDIAN RED AND RED IRON OXIDES 

1 

Konge indien, Bosso indiano, Rojo indiano, In- 
dischrcd, Ca])ni rnoi'tnm, Coh'othar, Jtoug(‘, li'on 
Oxides, deep and violet, Persian R(m 1, Tuscan 
Red, Pom])eiian Red, \d*n(‘tian Real, Ibuige do 
Veiiise, Rosso di \'en(‘zia, Rojo de \ enecia, 
Ven(‘zischrot, T(‘rra Pozznoli 

The basis of these coh/rs is Ferric Oxide— 

. Under tliis classification belong a great varied y of red 
iron oxidp i)igments, from a light, bright real to a dee]) 
pur])lish-reel line, in which the. active (;e)]oring |)rinci])le 
, is ferric oxide'. /ldie*y are* e*ithe*r native e'arths, such as 
the original Inelian Real, X'enetian Red, etc., in whicli case 
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they cloficly rcs^enible the red (jchres (see Ochres natural 
and calcined) or are,ai*tifically prepared products. In 
both instancs they are thorouf^hly de])endable and per- 
fectly permanent pigments witli consideralde o])acity and 
tinting strengtli. • 

The native mineral liaematitofy^c^/ Iron Hfoua or Blood 
Hfo}tr) or red ochre, in which the ferric oxide occurs 
nearly chemically ])ure, containing about Ih? ])ercent, has 
been the source of supijly for the natural red'ihgments 
from earliest classi(*al and ancient times. 11ie name In- 
dian Red originated ])ossibly from its original source, the 
Orient, particularly i^^rsiJl, or j)erha])s from the Ameri- 
can Indian who used the ]iativ(‘ r(‘d earths to color their 
wigwams and as Inxly decoration. 

The natural red iron oxid(‘s are mostly, very ])ure i prod- 
ucts, of (lark hue and as such arc* e(iually as ])(*rmanont 
and (l(‘j)eudabl(‘ as those* artilicially pi'epared. 

The original V^^melian Red, the lifthter less ])Pirplish, 
more red in hue is a native iiroduct, but is now usually 
‘ iprepared artitically, rejpresenting sometimes mixti/os 
of the light(*r oxide with u*liiting or clay. , 

A great variety of hues are obtained by artificially 
manufaclui'ing the red oxide pigments by two methods, 
ij\. The Drff ainf the IIV'/ Broevss, the decjper 

more ]pur]plisli in hue being offered as Indian Ked, the 
lighter more red in hue as Venetian Red and* still jpaler 
and moTe brownish hue s(pmetimes as Light Red ; altho 
Light Red i^ usually understood to be a calcined variefy 
(pf y(*lhpw Ochre. 

Ordinarily the Dry Prfpcess is used in making these 
}pignfi‘nts. It ccpiisists in the h?,ating of copperas (fer- 
rous sulphate — FeS()H.711..()) to yield the pure ferric ox- 
ide — Fe.O... Ry regulating the temperature at which 
the calcinati(pn is carried on, as also its durati(pn, the hue 
of the resulting oxide will vary from bright r(*d by 
moderated heat, to u deep purplish huefipy white heat. 
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The lighter hues usually require a mudi more, careful 
washing to free from the partly decomposed copperas. 
Many impure samples contain basic iron sulphates, which 
may be detected by moistening the pigment with water 
and heating to glowing in a test tubo. The moisture, 
which condenses on the cooler wall of the test tube, should 
not turn blue litmus paper red. 

The Wet ^f^rocfss usijally utilizes by-products of iron 
compounds, which formally in great many instances were 
thrown away as useless, but toda^v the iron is precipi- 
tated from solution and calcined; to yield, as in the Dry 
Process, the varying hues of iron oxide reds. 

In the hydrated form, ferric oxide represents the act- 
ive coloring principal of the native ochres, siennas and 
umbers, which when calcined give up their water of hy- 
dration *to yield the red ferric oxide, changing thereby 
from a»yellow oi‘ brown hue to a decided warm red hue, 
characteristic of which is Bt. Sienna from Baw Sienna. 

When Ihorouglily washed, all the Bed Iron Oxide ])ig- 
mc^ts re])resent most de]>endahle and perfectly j>erma- 
nent pigments for use in all techni<iues. They are indif- 
ferent; to alkalies and more or less soluble in acids, the 
lighter hues do not resist acidfi as readily as do the deep- 
er purplish hues. They are insoluble in water and alco- 
hol. In mixture with other safe pigments they do not 
alter these or suffer any change in themselves. The Bed 
Oxides are not altered by moderate heat and should not 
yield a tari-y distillate on the Avails of a test tube Avhen 
heated to glowing. Zinc White or Permalha and Indian 
Bod Avill yield most reli{ul)le fle.sh tints. Mixtures oC*Ali- 
zarin Madder and Bed (Vxides are offered as Tuscan Red 
or Pompeiian Red. The Alizarin* Madder in this mix- 
ture does not decompose as is likely Avhen mixed Arith the 
native raAV eartlis containing the hydrated iron oxide. 
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INDIAN YELLOW 

Piuri, Purree, Jaune iudieii, Giallo indiano, Am- 
arillo iiidian, Iiidiscligelb 

Jn impure mag^iesium and calcium salt of ciixanihic 
acirf— OjyHjoMgOjT.SHaO. 

Genuine Indian Yellow is obtained from the urine of 
cows, which are fed principally ui^on mango leaves, which 
food stimulates the secretion of bile, the excess of which 
stron^y colors the urine. The bright yellow urine is 
boiled down in earthen vessels, yielding a yellow mass^ 
which is strained through a material, such as calico; 
formed into balls and put on the market in this shape. 
About two ounces of Purree is obtained daily from one 
cow producing about three quarters of a gallon urine. It 
is made almost exclusively at Monghyr in Bengal, by a 
tribe of ])eople known as the Gwalas. The crude round 
balls of Indian Y|?llcw about three of four inches in di- 
ameter, are of dirty greenish to brown color externally 
‘ and internally of bright yellow hue, with characteristic 
ammoniacal, urinous odor ^Ind non-poisonous. 

The Voloring principle of Indian Yellow is the salt, 
magnesium euxanthate, which is not ])resent alone in the 
natural i)igme,nt, but alwaN*s associated with foreign min- 
eral and organic matters. These impurities are respons- 
ible for the strong odor and dark brownish cMor of the 
impure *i)ignient. This raw material, called Piuri, or in 
English Pulree, is tirst freed from the broAvn earthry 
crustation, then powdered and washed thoroughly in 
boiljng water, until the water liltered from it comes off 
clear showing no brownish diftpoloration. This treat- 
ment removes a brown colored impurity and considerable 
of the odor is thereby lost. Tlie pigment is then dried 
and used directly, in this condition. When improperly 
purified the permanence of the color is,considerai)ly af- 
fected. 
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The goiuiiiio ])ii rifled Indian Yellow is of a deep and 
rich translucent orange-yellow color, however, of quest- 
ionable i)ermanence as a pigment. In mixtures with other 
safe i)igments it is not readily decomposed or acted upon 
by sulphur com})ounds. It is mostly* used as a water 
2olor and oil color, in^which latter it is a slow drier, but 
excellent as an over-glaze color. Being somewhat soluble 
in water it is not^adapt^ible to fresco or mineral i)ainting 
(stereoclfromy). 

Composed chiefly of organic matter, genuine Indian 
'fellow leaves but little white* ash wh(‘n calcined. Dilute 
hydrochloric acid decomposes# the i)igmeni, destroying 
the color and ])recipitaling white flaky eiixanthic acid (in 
contrast to most of tlie yellow lakes which yield yellow 
colored solutions when treat eel in similar mann(*r). Am- 
monium* hydroxide added in*(‘xcess to the acid solution 
yi(*lds ,a clear solution bright y(‘llow in color, (ye'llow 
lakes in acid soluti*)!], usually j)reci])it,%te Alumina or Tin 
hydroxide when afnmonium hydroxide is added in excess 
to'^lie acid solution). 

Th^ more modern Alizarin A'eilow Lakes arc* in greater 
favor, when dependable sul)stitutes for Indian Yeflow are 
(iesired and are usually otT(‘r(‘d as Indian bh‘llow in li(‘u 
of the genuine product. 

INDIGO 

Indigo (hirrnine 
Intense Blue, Indico, 

The principal coloring matter of genuine natural In- 
digo consists chiefly of 

Indigo is a })roduct (¥*curing in considerable (juahitios 
ill a large number of different j)lants, ])rincipal of which 
is the species huVujttfvra (I. tinctoria) indigenous to 
India, Java and many other tro])ical (v)m]tries. B(‘ngal, 
India, is the ])ri*ici]>al source, althougji the tin(*st variety 
is obtained frdm Java. 
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Indigo occiir^i in the plant as iudiraii, a glucoside, 
which is extracted from the leaves of the plant, after 
these have been gathered at flowering time, s])rinkled with 
water, then pressed into cement lined pits or vats and 
left to ferment fc^i* a})out two weeks. The clear water 
containing absolution of the c#)loring matter (indigo* 
white) is then drawn off and oxidized to blue indigo by 
atmospheric oxygen, forming in the Ihiiior a^ a flocculent 
blue precipitate (Indigotin). Wtiile stfll in a wet pasty 
condition, extenders, such as Chalk, Clay, etc., are some- 
times added to cheai)en the product. It is now necessary 
to wash and boil the ])recipitate in water to destroy the 
bacteria res])onsi])lG for tlie f ermentation, after wliich it 
is collected on calico, slowly dried in the air and moulded 
into lumps, whicli show the impression of tlie calico or 
leaves of the plant, used in forming it into lumps. 

The i)rinci])al ])lue coloring matter of the natural In- 
digo is Indigotin, associated with sn^all amounts* of red 
and brown dye-sftiffs (indigo Bed aivl Indigo Brown), 
, mineral matter and nitrogenous compounds. The b^st 
varieties are s])ecitically Jigjit (floating on water), of pure 
deep l)Uie color with only slight violet tinge, burn readily 
and show a bright metallic lustre wlien rubbed with the 
finger nail or other hardobody. Being very brittle, it 
breaks very easily with dull blue fracture. Indigo is not 
soluhle in water, ether, alcohol, lyes or hydrochloric acid. 
A chariiii't(M*istic ri'action is llie d(*com[>()siti(>n of Indigo 
with nitric ju‘id to form the yidlow color, Isafin. Indii?^) 
is solu1)le in chloroform, aniline, in some fatty oils and in 
concentrated sul])huric acid; ])arily soluble in benzol, 
toluol, ])henol, ac(‘tone, amyl al(^)liol and in the heavier 
fractions of petroleum. 

Indigo is a semi-tr?ins])arent i)igment of fair tinting 
strength and does not share, as a i)igment, the i)erma- 
nency to light that it ])ossesses as a dye-stuff. It is best 
employed, jf at alt, as a water color, in oil it loses con- 
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siderable brilliancy, and is unsafe in mixtures with White 
Lead, native Ochres, etc., fading resulting through oxi- 
dation. 

In the Orient, Indigo was used in earliest times. Pliny 
in his Natnralis Tlistoria, A.D. 77, giv^s lengthy descrip- 
tion of Indinim stating*that in addition to its use in dye- 
ing and painting, it Was also used in medicine, as an ap- 
jdication on wounds and against fever and colds. At one 
time it was thoifght to*1je a metal. Old Egyptian mum- 
mies have been found on which the blue wrapjhngs were 
dyed with Indigo. In the sixteenth century, Indigo was 
first brought from India to the Netherlands and Italy. 
The farmers who cultivated t*lie woad ]dant in I^urepe 
were strongly o])posed to its use as a dye and were suc- 
cessful in having its importation ])rohibited in England 
afid Germany in 1577 and also in 1G54. It was not until 
1737 that its use became general. 

The ‘cultivation of natural Indigo threatens to become 
extinct owing to the large production rf: synthetic Indigo. 
D;jring the end of the nineteenth cemiry after twenty-five 
years of research work by several eminent color chemists 
Prof.' Bayer of Munich applied for a ]>aleiit (in 1^80) for 
(he making of synthetic indigo in commercial (inantities. 
By 1900 the various processe^^ were so far developed that 
the Badische Soda-Aiiilin Fabrik had‘ S])ent about 
$5,000,000i00 to manufacture synthetic indigo on a large 
scale and were then producing an amount equal*+o about 
one-fifth of the entire production of natural indigo. 

When Indigo is dissolved by concentrated sulphuric 
acid, snlphindigoiic acid is formed. This if saturated 
in a weak solution of s^oda, will yield the water sjduble 
Indigo Carmine, which’ forms a blue paste with copper 
lustre. 

Intense Blue is an extract of Indigo, obtained by refin- 
ing the natural product through ]^reci*pitation from solu- 
tion; yielding. a more transparent and richer, color, pos- 
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sessing the same physical and chemical characteristics 
as Indigo. 

ITALIAN BLUE 

Venetian Blue, Turquois Blue 

A beautifuy'ugftive cerulean blue lake color of modern, 
introduction lacking the rociuired (birable qualities neces- 
sary as an artist’s pigment. For detectio^n see under 
Lake Pigments. ^ 

ITALIAN OCHRE 

An especially selected variety of 'Raw Sienna noted for 
its deep rich golden color and translucency, a native 
product of Tocaiiy (Sienna). It shares all the chemical 
and physical properties of the other Ochres, is adaptable 
to all techniques and has been used as a })igment since 
earliest times. 

IVORY BLACK 

Bone Black, Animal Black, Nero fV avoiro, Noir 
d’ Ivorie, Negro de marfil, Flfenbeinschwartz 

Carhon (the coloring principle) associated with indi- 
cium carbonate and pbosphntc. 

Ivory Black is obtained by charring waste ivoiy chi])s, 
filings, etc., in closed vessels, whereby the organic matter 
is calcined to carbon (about 20 per cent.), giving the j)rod- 
uci its intiuise black color. The mineral constituents 
are present as calcium carbonate (lime) and phosphate 
(about 80 pj?r cent.), which, although having no colw 
value, greatly improve the soft working qualities as a 
pigment. 

Diliying the calcination great cav(' is exercised that the 
temperature be ])roperly regulated, as an overburnt 
l)roduct would suffer c*onsiderably in color brilliancy and 
under-calcined, would be of decided brownish color 
{Bone Brown), drying then very poorly as an oil y)aint. 

Bone Blgick (Awimal Black) is similarly obtained by 
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the charring of hones, of inferior color. and used more 
extensively in the heavy paint and printing trades owing 
to its reduced cost, compared with time Ivory I^lack. 

Like all bone blacks and other animal blacks, Ivory 
Black acts as a strong decolorizing agent in presence of 
‘most organic pigments.* A solution of an« organic color 
will be completely de^colorized if filtered through bone 
blacks. The organic color is not decomposed in this in- 
stance, bpt absortied by^lie bone black. Use of this prop- 
erty is made in the ])urili(*ation of sugar, removal of color 
from syrups and other liquids. Ivory Blacks distinguish 
themselves chemically from other carbon blacks in that 
they leave upon calcination a considerable amount (about 
75 ])er cent.) of white bone mineral ash, which is almost 
entirely soluble in strong hydrochloric acid, tin* otlun* 
carbon .blacks l)uniing almost completely, with but a 
trace of ash. Hydrochloric or nitric acid dissolvers the 
phosphate of limed’rorn Ivory Pdack leaving the carbon 
as residue. 

Jvory Black is of waimi brownish und(‘r-tene, intensely 
black^in color, drying well inn)il, ])erfectly safe and per- 
manent in all teclinlcpies and in mixtures with aU other 
perm'anent colors. 

Jvorv and Hone Blacks weiV also ns(‘d hv the afici(‘iits. 

« i 

KERMES LAKES 

Alkermes, Venetian Scarlet 

This deep crimson coloring matter of yellowish-red hue 
is a product of the insect Cochls llicis^ r(‘S(‘mbli]ig the 
Cochineal (see (’arminjp) found principally on certain 
species of oak trees, as tilso on other ])lants, on th(‘ shon*s 
of the Mediterranean. The plants are often completely 
covered ’with these insects, the female of which, with 
young, are dusty brownish colored bodies, globular in 
shape, as large* as peas and attached to the plant in a 
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flocculent mass. The dried bodies in granular form are 
sometimes given the name Kermes Berries. 

The Tjakes prepared from Kermes are beli(‘ved to be 
identical to those of the Cochineal, liowever, in general 
are not as brilliarjt as these, but of like permanency and 
physical properties. 

Kermes is perhaps one of the oWest dye-stuffs known, 
it being said to have been used as a dye in ‘the times of 
Moses, eaTl(‘d by Pliny and greatly valued in 

the days of the Roman Empire, as a dyestuff. The Vene- 
tian Scarlet of the Middle-ages Avas also obtained from 
Kennes. The ])igmeiits T)repar(‘d from it, in ancient 
times, were usually precipitated on a base of chalk or 
gypsum, and appear consequently more opa(|ue than the 
modern transparent, alumina base lakes. 

In lat(‘r ycairs (\)chineal has almost entirc'ly displaced 
the use of Kermes; which former, in turn, is also rapidly 
coming into disuse, the permanent And more brilliant 
Alizarin Lakes being favored. 

KING'S •YELLOW 

(See Clirome Yellow and Orpinumt) 

An especiallv brilliant pale variety of Chrome Yellow 
(Lead C 3 ironiate, PbCr04) sometimes also produced by 
admixture of Zinc White ^vith Chrome Yellow, in both 
instance?! it shan's th(‘ cln^niical and idiysical ])i'opertieg 
of the Clirome Yellows. 

Asa w^ater color more permanent mixtures of Cadmium 
Yellow and Zinc White are usually" sold as Kings Yellow. 

The yellow sulphide of arsenic known and used by the 
ancients as Orpiment i^^ also called King’s Yellow by some 
authors. This latter pigment has been in disuse, how- 
ever, for many yeaVs. 
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LAKE PIGMENTS 

A true theoretical lake pigment is best represented 
by a compound of which the natural or artificial organic 
coloring ])rinci])le is united in e(iuivalent proportions 
with a metallic inert base to form an insoluble, transpar- 
'ent unalterable pigment. 

Practically howevei^ this is not followed as there are 
several conditions entering into the actual formation of a 
lake pigment. 

For a more clear understanding we might cctmpara- 
tively regard a lake as a insoluble neutral salt, such as is 
formed by precipitation from solutions in inorganic 
chemistry, when certain mineral acids and bases unite' in 
molecular proportions. Such compounds, or lakes, of 
high (*()lor concentration are sometimes call(‘d ioners, ])e- 
caiise oC their powerful tinting strength, they are used in 
toning mixtures of colors to standards, iii heavy-])aint 
manufacture. ^ 

In chemistry a base is defined as the hydroxide of a 
nletal or metallic radicle having a characteristic alkaline • 
or caustic reaction in water ' solution, effecting neutral- 
ization of acids, ddie color maker interpretat(‘s» and ap- 
plies the meaning of base in a much broader sense. In 
the production of lakes, especially applicable to those with 
artificial coloring matters as coloi’ prinepde any inert, 
colorless or white, usually transparent body on which the 
coloring matters are precipitated is termed a haie, some- 
times also called an extender or carrier. 

The lake pigments are divided into two groups, those 
produced with 

r a. Animal origin (Lac, 
Cochineal etc.), 
b. Plant or vegetable 
I. Natural coloring matters (Quercitron 

Bark, Madder Root 
etc.). ■ 
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11. Artificial coloring matters — Coal-tar derivatives 

(Alizarin, Aniline 
dyes, etc.). 

I. The Natural Coloring Matter 
To the first-class belong the natural color extracts such 
as lac, cochineal, fustic, l()g>\^ood, madder root, (^luercitroii 
bark, etc., which liave formed the coloring*prineiples in 
dying and lake making since earli^t timds. The artificial 
coloring matters dale only from the middle of the nine- 
teenth century and already threaten to entirely displace 
the natural dye-stutfs, both as dyes and for lake-color 
making, yielding colors 1‘ar rnoi'c l)riliiant, permanent 
and dependable than the natural ])roducts. 

The natural organic coloring matters, which are mostly 
of an acid character, combine with metallic bases, such as 
alumina, tin, iron, lead, etc., to form colored insoluble 
precipitates. In practice there is usually an excess of 
base, the coloring matter only being partly in cli(‘mical 
combination and often also j)artly carried down in a ki*id 
of mechanical mixture wjth the base. The excess of base 
is usmjly intentional to produce a chea])er ])ro(fuct in 
which llu^ coloring matter is then present in dtsircvl 
percentage. The genuine cochineal Carmine is repre- 
sentative of the nearest perfect lake, in that, here the 
coloring matter is combined with the smallest amount of 
base ])Oi;sible to yield a non-bleeding, insoluble (in oil and 
water), highly concentrated lake, lacking only ])erm?l- 
neiicy to give it all reciuirements of an ideal lake. 

The metallic ])asc usually employed is alumina, it yield- 
ing file most brilliant, concoutrat^^d and transparent lakes. 

The usual ])i-ocedur(', iu making a lake jugment, is to 
prepare a elear decoctton of the coloring matter, as highly 
concentrated as possible, to which is then adder! solutions 
of the base. The color of the resultant lake is greatly 
influenced, by the 'conditions under which precipitation 
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takes place, depending mostly upon the degree of con- 
centration, acidity or alkalinity and temperature of the 
solutions during precipitation, as well as the various 
bases employed. 

Certain natural coloring matters (called substantive) 
exist ready formed in ’nature and do not require any 
special base or mordant; producing nearly the same color 
directly on various bases, an example of which is cochin- 
eal; oth(TS (called (idjcctivc) do not develop their color 
until combined with, certain bases, yielding dffferent 
colored lakes according to the base or precipitating agent 
employed, madder root being representative of this class, 
yielding with alumina, red lakes; with iron, deep duli 
violet lakes, etc. 

(hily with c(‘rtain few exceptions (such as the madder 
root extracts, etc.) practically all of the lakes produced 
with tke natural coloring matters, are not permanent to 
light. 

^ II. Artificial Coloring Matters 

^ro this class belong the majority of lake pigments in 
common use, the production of which, since tlie, middle 
cyf the nineteenth century, has increased so rapidly as to 
almost entirely displace the lakes made from the natural 
color extracts. The development of the dye industry has 
made it possible to ])rocure lake pigments of almost any 
conceivable color, the greater number of wliicb, unfor- 
tVinately lack even moderate permanency and are there- 
fore impractical as pigments. Certain dyes, when ap- 
plied to fabrics, will yield colors of considerable per- 
manency (this being chiefly due to chemical actiqri be- 
tween the organic constituents of both dye and fabric) 
but when used for lake making, the'saine dye will ofttimes 
produce Ji very fugitive color. 

The lak<‘ ])igments made from ariilicial coloi’ing mat- 
ters are also not true lakes as the color is not solely com- 
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bined with the precipitating agent, but always contains 
the addition of another substance in connection with the 
lake proper, which substance varies according to the pur- 
j)ose for which the respective lake is intended. This sub- 
stance is kia^wn^as the base, carrier or extender, an(J 
according to its composition caij greatly influence the 
transparency, gravity, tinting power and hye of the pre- 
pared lake. To obtain the better quaility, transparent 
and bnlliant lakes, Alumina is employed as tlfe perfect 
base. Otliei* bases, such as Whiting (precii)itated chalk), 
Blanc fixe, (liina Clay, Gypsum, Zinc White, etc., when 
used in varying amountf^, give the resultant lakes dif- 
ferent charact(‘i‘istic (pialities. Sometimes colored bas(‘S, 
such as Bed Lead, Ochres, Umbers, etc., are employed to 
yield very brilliant pigments. 

The three things necessary for making a lake* pigment 
from artificial coloring matters, are : * 


I. 

II. 


The Coloring Matter 


Substantive or 
Direct Dyes 
Adjective or 
Mordant Dyes 
The Precipitating Agent 


/ Basic dy(\s 

1 Acid dvf#s 

’ • 


III. The Base (Carrier or JExtender) 


The coloring matters are perha})S of most importance, 
as in connection with the proper precipitating agent, 
togetln^- with any of the bases already mentioned, in- 
numerable different colored lake i)igmeuts may be ob- 
tained. 

TJie Substantive or Dirret Ihjesy tix themselves chem- 
ically, or by absorption, directly on a suitable base. Of 
this class the Basic Byes are salts of certain oom})lex 
organic bases, which form colored precipitates witli cer- 
tain weak organic acids. Tlie Acid Dyes are not all of 
acid nature, but are teniicd acid owing io their property 
of dyeing Vool and silk fabrics in baths containing a small 
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quantity of free acid. They are precipitated from solu- 
tion by acids and metallic salts. The coloring matters 
termed Adjective or Mordant dyes are usually not them- 
selves, of the desired color, but require the aid of a sub- 
stance, called the mordqnt^ to develop ‘the# color and fix 
it. Many mordants react chemically with the dye. Thus 
different colers can be obtained from the same dye by 
using different nlordanvs. The lakes prepared from this 
class are characterized by tlieir peimanence. 

The lake })igments prepared from the natural coloring 
matters were known and used for many centuries. They 
are described l)y r^liny in his Naturalis historia and 
mention is made of tliem by otlnu* early writei’s. The 
name lake " is derived from the dye-stuff used and 
known as lac ” by the early Italian dyers and was per- 
haps the same substance, as is used today, under this 
name (see Lac Lak'^). In order to fix and develo]) this 
dye on the fabric- a mordant composed of the salts of 
alhpiiniim and tin were used and it was found that some * 
of the dye combined with the mordant to form an in- 
soluble compound of color and base, which was collected 
from "the liquor in the form of scum and after drying was 
sold as lacca '' to artists. *' T.(ater, other lake colors 
were obtained and w<‘re soon product‘d iiidtqxmdent of the 
dyers vat, when today we find tin* manufacture of lake 
colors ranking as om* of the princi])al color-indust lies. 

Starch is sometimes added to lak(» ])igiiionts as an 
adulterant, the detection of which may be made by warm- 
ing a sample of the pigment in water to the boiling point. 

If starch is present the lifquid will thicken to a gelatinous 
paste. 

Hydroc)doric acid decomposes nearly all lake colors, 
leaving insoluble residues of tin* base (barytes, clay, 
etc.). By adding an excess of ammonium hydroxide to 
the acidified solution, alumina (AlumiiiMim hydroxide) or 
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tin hydroxide will be formed as a white precipitate. The 
alumina or tin hydroxide having been used as a base for 
the lake. 

The permanent lake colors, owing to their brilliancy 
and transpa^jenct, are most valuable as over-glazing 
colors and mixtures with certain metallic pigments, such 
as White Lead, C'hrome Yellows, A'erdigris, etc., and most 
raw earths are best avoided as beyig of questionable dur- 
ability. 

Most lake pigments bleed their color somewhat in alco- 
hol and a few, even in water. 

• 

LAMP BLACK 

Noir d(* bougie, Nero funio, Negro de humo, 
Ijami)onsehwarz, A'egetable Black 

A flocculeiit black form of commercially ])iiie car- 
hon—C, 

Lamp P>lack is a fine floceulent kind of soot, the finer 
varieties obtained principally, as the name implies, fiyTm 
wick lamps, in which oils l*ich in carbon, are burijt with 
insufficfent air for complete combustion. The soot, which 
is deposited on plates held in the flame, is collected and 

readv for commercial use.* The better varieties are ob- 

« 

tained from fluid fatty oils, however very good products 
are also made from fats, grease, tallow, coal-tar oils, 
resins, haplithaleiie, etc. 

Lamp Black is of strong black color, very light in grav- 
ity, with considerable opacity and ranks high with the 
mofit permanent and stable pigments, being perfectly safe 
in mixture with all pigments, u?iafl*ected by impure air, 
gases, acids or alkalies and insoluble in all usual solvents. 
(See Blue Black, Carbon Black, Ivory Black.) . 

Lamp Black is adaptable to all techniques, yielding in 
mixtures with Zinc White, grays Avith marked bluish-tint. 
The hard’film of dry Zinc Whites, in oil; is made much 



80 


artists’ VigmentI 


more flexible when Lamp Black is present tog’ether with 
the Zinc White in grays. Lamp Black is a very slow 
drier in oil. 

Great quantities of Lamp Black are made annually, 
being chiefly consumed in tlie making of printers ink, 
heavy-paints, etc. Laipp Black forms the coloring prin- 
ciple of the Gliinese Indian Stick Ink. 

Its use as a bla/?k pigment dates back to great ;?.ntiquity. 

LEMON YELLOW 

Strontian Yellow, Strontium Chromate, Jaune de 
strontiane, Giallo di stroiiziana, Amarillo de 
estronciana, Baryta Yellow, Barium Chromate, 
Yellow Ultramarine, Permanent Yellow, Juane 

" de Imryte, Gialla di barite, Amarillo de barita, 
Oltremare giallo, Outrenier jaune, Amarillo 
ultyamas, CitronengeH) 

Gen(‘rally Sfron-tlHHi C//ro/ar//c--Si‘(h*(), ; or Harium 
(^hiowafv— Ba(h*()^. 

Strontium Chromate is of deluded lemon hue, more pale 
in color than Zinc Chi*oniate and stronger than Barium 
Chromate. Both Strontium and Barium Chi'omates arc 
obtained as ])recii)itates when a .soiution of a Strontium 
or Barium salt, such as Stronlium or lharium Chloride, 
is mixed with a solution of a chromate salt, sucli as Potas- 
sium Bichromale. 

Strontian Yellow is a very ])ermanent ]>igment, can 
be safely mixed with other durable colors with exce])tion 
of certain native ochres, which oidy in some instances 
tend to slightly alter the hue, due to the presence of hy- 
- drated oxide of iron. 

Strontian Yellow is a good drier in oil and has con- 
siderable transparency both as an oil*' and water color. 

. Acetic Acid andrAmmonium Salts dissolve this pigment. 
It is also oidy Wry slightly soluble in water. Used prin- 
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cipally as an oil and water color pigment and not good in 
Stereochromy and Fresco. 

Owing to the cost of this pigment there is great tempta- 
tion to adulterate with Chrome Yellows, detection of 
which is maie easily evident by the resultant formatiop 
of black lead sulphide, when the, pigment is exposed to 
hydrogen sulphide gas or to a solution of sodium sul- 
phide. Pure Strontian Yellow is»not bteekened by these. 

Bayum Chromate is also a very permanent p*gment of 
paler lemon hue than Strontian Yellow and is unquestion- 
ably the most r(‘lial)l(‘ of the yellow chromate colors. It 
is obtaiiH‘(l in similar manner as tin* Strontian Yellow, 
namely by jirecijiitation and j)ossesses almost identical 
chemical and ])liysical characteristics. In water it dif- 
fers, how(‘ver, from the Strontium Chromate in thai it 
is practically iiisoinbhs It is not blackened by sulphur 
gases or sodium sulphide. Th(‘ hue j^ometimes t?ikes on 
a greenish tinge ftnder exposure to strong sunlight. 

Barium Chromate is soluble in Hydrochloric Acid 
Nitric Acid. Ihirium Chjomate when dissolved in hy- 
drochloric acid, will viefd a vellow colored soluticfn, and 
if alcohol is a(hl(‘d and warm(*d, the solnlicjii will turn 
green in color with chai;^u*teristic odor (aldehyde, see 
I)age ]8()). Tto this acid solutioi], add sulphuric acid to 
obtain an insoluble white precipitate of Barium Sulphate. 

Bariipn Chromate imparts a green color to the lower 
part of the Bunsen flame. • 

Permanent Yellow is usually understood to be a mix- 
ture of Barium (liromate and Zinc White or Strontian 
Yelh)w and Zinc White, or Zinc ^Vellow and Zinc AVhite. 
As such they are all of i^ather weak color strength, opaque 
and drying slowly in oiil, but dependable in use with other 
safe pigTuents and permanent to light and are Vot black- 
ened by hydrogen sulphide gas. 
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LITHARGE 

Massicot, Lead Oxide. Burnt White Tjead 

Lead Monoxide {Plumbic oxide) — PbO. 

By roasting White Lead at a tempenature sufficiently 
High to melt tlie oxide thus formed, a yellowish-red ci^^s- 
talline mass called Litfiarge is obtained after the mass 
cools aTid solidifies. The soft yellow powder obtained by 
heating White Lead, at a high temperature, is^ another 
modification of Litharge known as Massicot, wHlch is 
permanent to light as a pigment in oil. Like all pigments 
containing lead, owing to their sensitiveness to impure 
air containing sul])hur compounds in gaseous form, great 
precaution is necessary in their use, the black sulphide 
forming only too readily. (See Minium and White 
Leads.) • 

Litht\rge has another chemical property of which im- 
portant use is madl‘ in the preparation of siccatif and 
yarnish(‘s. When ’in mixture with oils, especially applic- 
alAe to linseed oil, a chemical combination of the lead 
oxide ,and the oil takes place* forming an insoluble (in 
water and many solvents) lead soap, lead linoleatc^, which 
dissolves in the rest of the oil to give a kind of varnish, 
whicli dries very rapidly to a lyird elastic film. Care 
must be taken not to have too great a quantity of lead 
oxide in admixture with the oil, it being a very powerful 
drier and very liable to cause cracking and darkd^hiiig of 
the oil and paint. 

Lead Oxide is soluble in acetic and nitric acids. When 
on boiling lead oxide with hydrochloric acid, if sulplijaric 
acid is added, insoluble white lead sul])hate is formed. 

LITHOPONE 

Silver White, Albalith, Beckton 'White, Orr's 
White 

Essentially a compound of Zinc {^ulTphide and lUiriim 

SuIphaie—ZiiH -f- IhiSO^. 
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L.itliopone lias been improved in recent years so that 
a product of great uiiifonnity is produced, lacking many 
of the objectioTial properties peculiar to most of the early 
Lithopoiios, the j)arent of which can he said to be Orr’s 
White, patented iii 1874 by John B. Orr of England. . 

The method of producing Littopone is theoretically 
very simple, it requiring though considerable technical 
and practical skill to obtain uniftfrm and dependable re- 
sults.^ Solutions of Barium Sulphide and Zinc ISulphate 
are poured together, the proper concentration and tem- 
perature being carefully regulated, to yield a double pre- 
cipitate of Zinc Sulp1iid(? and Barium Sulphates which 
is then dried and heated in furnaces to glowing, from 
which it is thrown into water; washed, gronnd in mills 
and dried. The early Lithopones usually contained up 
ward to 10 per cent, of Zinc Oxide, directly due to over- 
heating, this sometimes also jiroduciiig a slight discolor- 
ation. 

The better varieties of Lithopone have great coveri:ig 
and hiding power, are vgry opacpie and find wider appli- 
cation as a heavy or house-paint pigment, tlian%is an 
artists^ color. 

Litliopone is perhaps th(5 most intensely white pigment 
in use, having* strong tinting properties and exceptional 
covering qualities ; of excellent, smooth and fine, uniform 
texturenvith remarkable inertness in most vehicles, appli- 
cable to all |)ainting techiiicpies, excepting those of strong 
acid nature. 

Acids decompose the Zinc Sulphide with formation of 
Hydrogen Sulphide, leaving harhim sulphate unaffected 
as an insoluble white residue. Lithopone is not affected 
by sulphurous gases or compounds. Tii oil, Lithopone 
is not a quick driei;, comparing more to Zinc White in this 
resi)ect. Lithopone is also non-toxic. ^ 

Some ])f>or varijdics of Lithoi>onc exhibit a i)cculiar 
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property of turning gray, when, exposed to the action of 
moisture and direct sunlight the white color however 
usually returning when removed from these influences. 
It is generally accepted, that this decomposition is the 
fesult of a reduction of the Zinc Sulphide content to 
metallic Zinc and Hydi;ogen Siiljihide, this reaction being 
developed by, the actinic rays of sunlight. Owing to this 
peculiarity, mixtwres with pigments containing either lead 
or copper are best avoided, the black sulpliides o£ those 
metals being likely to dorm. 

Mechanical mixtnr(‘s of natural or artificial llarinm 
Sulphate and Zinc Sulphide, iif the same pro])ortions as 
contained in Lithopone, yield a product differing abso- 
lutely in physical character. In precipitating the Barium 
Sulphate and Zinc Sulphide simultaneously and then 
treating this precipitate as already described, the mole- 
cules each substance become so intimately (‘ombined 
as to almost give^the apjiea ranee ol* it chemical, rather 
•tl^an a physical combination; wlnu’cas in a mechanical 

miktnre the identity of each <it‘ the two snbstanc(‘s is not 

... * • . 

lost, c*ach being individually recognized microscopically, 
by tlveir characteristic structure. 

MADDER LAKES 

Madder Lake, Madder Lake Extra Deej), Lacca 
di garance, La<iue de garance, Laca de garanza, 
Krapplack, Rose Madder, Garance Rose, Gar- 
ance j*osa, (laraiiza rosa, Ros(‘ Madder Deep, 

Pink Madder, Madder Garniine, Itubens Madder, 
Rose Doree, Madder Purple, Madder l)rowH, 
Crap Lakes 

Essentially lakes, on Alumina base, coloring principles 
of which are Alizarin — Parpn/b/ — (\^- 
H.O,, 

A great nufnber of organic lako pigments* very per- 
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manent to light are listed under this group. The best 
are essentially combinations of alumina hydrate and 
Alizarin, which is the most important coloring principal 
obtained from the Madder root (Iluhia iinctorium). The 
soft cellular tissi^ of the Madder root is much richer in 
coloring sub{?tances than any otlier part of the plant*. 
The coloring mattei* exists in th^ i)lan1 in llie form ot 
glucosides, pi-inci])al of which is Alizarin am? Purpurin. 

Alizarni yields the more permanent and brilluint lakes 
of de(^i rich crimson to violel and maroon hue, varying 
according to the concentration, purity and the kind of 
base on which the color is precipitated. 

‘Purpurin yields more orange and red hue lakes, usually 
slightly less permanent than the Alizarin Lakes. 

Many different color lakt‘s are obtained from the Mad- 
der root extracts, depending principally upon cerfain 
conditions under which the formation and precipitation 
of tlic‘ lak(‘ took jdac(‘, namely, 11u‘ hue ))eing eonsidco’- 
a))lv altercMl when various ])ases are tised; lik(‘wis(‘ tin* 

■m 

temperature, concentration of the solutions and purify 
affecting the resultant celci^*. 

The genuine Madder liukes from the Madder root have 
complex color constituents comprising mixtures of Aliz*- 
arin and Purpurin, etc.,* and yield in cons^iHjuence a 
considerable number of varying colors, all of which are 
among the more permanent lake pigments adaptable to 
the diffrrent techni(iues, not good however, for fresco 
or stereochrfuny. The most ])ermanent is the deep Aliz- 
arin Madder Lake. In consequence of their brilliancy, 
transparency and permanency, the Madder Lakes, as also 
the (T>al-tar Alizarin Madder LTikes, rank as the most 
useful over-glazing colors. 

Since synthetic, or* coal-tar Alizarin, hasj)e(‘n d(*- 
velo])(»d fi-oni ant hracanie, th(‘ natural JMadder extracts 
have been practically displaced both as dyes and as color- 
ing principals for lake pigments. 
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The sj^ntlietic Alizarins, and similar derivatives are 
usually of richer hue and when properly manufactured, 
are more permanent than the natural color extracts of 
the madder root, which almost always contain at least 
traces of less permanent color constitiionts. 

Natural Madder Lakes do not bleed in water or alcohol, 
are unsafe in mixture with certain native raw earths, 
'white lead/ and some other meJtalJic Qolors, such as 
Chrome Yellows, etc., with Permalba, admixtures arc safe 
and form permanent pale tints of the Madder 4jakes. 

Extracts from the iMadder root were used for dyeing 
since earliest times. 

Turkey Red is obtained fron/the madder root. 

Sodium hydroxide entirely dissolves Alizarin and Mad- 
der Lakes (an alumina base) to a blue violet solution 
( I^ui’pnnin yi(‘l(ls a ch(‘rry red solution), wliich upon the 
additi<ui of (lilut(‘ sulphuric acid in excess, loses its color 
with formation of w flocculent colored ^precipitate of the 
.dye-stuff (orange-*yellow in color if Alizarin and bright 
r(\l if Pin’])uriii) leaving tlu‘ supcu-iiatant licpiid ])rac- 
tically colorless. Carmine or Ca.rmine Lakes arc detected 
by their leaving the acidified solution more or dess in- 
{ensively red in color. 

Alizarin and Madder LakeS are insoluble in water or 
alcohol, a colored solution would indicate the addition 
of soluble dye. 

MAGENTA 

Aniline Violet Lake, Violetto d^ anilina rossiccio 
Violet d’ aniline rougeatre Magenta, Violets de 
anilina rojiza Magenta 

A brilliant lake pigment of characteristic magenta hue, 
the coloring principal of which is an aniline derivative 
precipitaled on a base of Alumina, or^any other suitable 
extender. Magenta is not pT'actical as a ])igment for art- 
ists’ use, it being one of the most fugitive aniline colors, 
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requiring exposure to direct sunlight for but a short 
time to effect marked fading. It is very unsafe in ad- 
mixture with most metallic colors. 

Magenta has only been developed since the middle of 
the nineteenth century and sliould under no consideration 
appear on thfe artists palette, when even moderate per*- 
manency is a requirement. 

MALACHITE GREEN 

Ch’een Verditer, Green Copper Carbonate, Moun- 
tain Green, Green Bice, Vert de Montague, 
Mineral Green, Verde minerale, Vert mineral, 
Verde mineral, Berggruen, Malachitgruen 

Uanlc Copper Carhonatc- (hiC()...Cu(()I I )^. 

Malachite Green is found native in America, Europe, 
Asia and Africa. 'I’lie raw mineral, after careful selec- 
tion, free from earthy substances, is^ground as finely as 
possible and is tli^in suitable as a color pigment. 

In chemical composition it is closely allied with 
blue basic copper carbonate (see Air Blue) containing 
only less of the carbonate. 

Like all copi)er compound pigments, it is sensitive tp 
impure air, very readily becoming blackened in contact 
with sulphurous gases or sulphur compounds and often 
fading slightly under (*xj)osure to strong light. Ad- 
mixtures with colors containing sulphur or sulphur com- 
pounds are, there fore, best avoided, principal of which 
are Cadmium Yellows, Aurora Yellow, Ultramarines, 
genuin(‘ \b‘rmilions, etc. As an oil color, ]\[alacliite 
Green is more permaneni than in any other technique, 
especially is this true when protected by a strong varnish 
film. 

Malachite Green is, also, made artificially. The prod- 
uct is usually far less brilliant, but ])ossesses the chem- 
ical and physical properties of the native mineral. 
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Malaeliite Green is soluble in acids, with* effervescence 
to a clear solution, which will turn to a deep blue color 
upon addition of ammonia water in excess. Heat de- 
stroys this pigment, yielding the black copper oxide. 

Malachite Green is unquestionably the oldest known 
green pigment, in use over three thousaiAl years, con- 
confirming evidences of* which have been found in Pompeii 
and Rome and in ancient Egyptian ruins. 

MANGANESE VIOLET 

Mineral Violet, Permanent Violet, Nuernberger 
Violet 

A double salt of Phosphoric Acid with ]\f(i}i()aucsc and 
Ammonia iii. 

This permanent violet hue pigment is only seldom in 
demand by the artist. It is of truer violet hue than the 
more Reddish C'obalt Violet and together with this and 
Violet Ultramarine* they form the tliiv'e principal per- 
•maiient violet pigirients. 

Manganese Dioxide and Ammonium Phosphate are 
melted together, with evolution *of Ammonia, to yield a 
fuse(\ mass of violet color, which is tlien digested with 
phosphoric acid and heat(‘d until a rich violet hiu‘ is ])ro- 
duc(‘d. Af1(‘r cooling it is then thoroughly Avashed with 
water and phosphoric acid, until the residue i)igment, 
which remains, is no longer soluble in Avat(*i*. Manga- 
iV3se Violet is soluble in hydrochloric acid, with evolution 
of chlorine. It is decomposed ])y lyes and caustic lime, 
to manganese oxide, with evolution of ammonia gas. 

Manganese Violet is permanent to light, safe iiR ad- 
mixture Avith other colors and adaptable to all techniques, 
Avith exception of fresco and stm’yochrorny, in Avhich it 
is not compatilile Avith the alkalies present in these tech- 
niques. 

A test for this pigment is made by. melting a sample 
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of the color in question with soda on a porcelain aisn, or 
on a platinium wire, when a bright green molten mass 
of sodium manganate (Na^MnO^) will be produced, which 
is soluble in water to a green solution and which after 
standing for some time changes to a violet coloi* (Sodium 
Pe rman ga n a tl*, l^fa M n O , ) . 

MARS COLORS 

Mars* Orange, Mars Yellow, Mars Red, Mars 
Violet, Mars Brown 

The Mars Colors arc artificial ochres, deriving their 
coloi* from the Jufdratv aiuj oxide of iron. 

Mars Yellow is obtained by precipitating a salt of iron 
with alumina by means of either caustic lime, soda or 
potash. The greater the amount of alumina employed, 
the paler the product obtained. 

Mars Yellow when subjected to calcination, yielcls. de- 
pending on the di^ration and degree of heat under which 
this is cai'ried on, colors of different fine, nami'ly Majs* 
Orange, Mars Red, Mars Brown, Mars Violet, etc. 

It is very important tha*t tlie Mars Colors be thoroughly 
washed free from any soluble salts, after which they, can 
be accepted as perfectly permanent (to light) color pig- 
ments. 

In mixtures with certain organic pigments Mars Yel- 
low and Orange sometimes exercise an injurious effect, 
likely due to a combination of the iron hydrate with tha 
organic coloring matter. This tendency is more marked 
in the lighter colors, those of deeper line, produced by 
highei; calcination, showing greater stability. 

Mars Colors are of recent introduction and possess 
no greater permanency or brilliancy of color than the 
best varieties of native ochres or natural iron-reds (see 
Ochres) with which they are identical in chemical and 
physical properties. 
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MAUVE 

Mauve, Mauve II (bluish), Aniline Violet Lake, 
reddish and bluish; Violetto d’ anil, bluastro 
Malva; Violet d’ aniline blenatre, Mauv(‘; Vio- 
let a de aniline, Malva 

In 185G the English chemist Wm. Perkins discovered 
the color Mauve accidentally, while experimenting with 
Aniline, a colorless oil derived from Coal Tar. Perkins 
Violet \/as sold as Mauvein, or Mauve, named after the 
flowers of the mallow. This color marked the beginning 
of the coal-tar coloP industry, which in recent years has 
developed, synthetically, an inconceivable number of dyes 
of every imaginable hue, most of which nnfoidnnately 
are much too fugitive for practical application as coloring 
principles for pigments. (See Coal Tar Colors.) 

Mauve is of most brilliant violet hue, but vmy unsafe 
for uses rai)idly fading when expose'd io dire'ct sindight. 

Used in any technique and in mixture with many metal- 
rilj.c colors, Mauve will eventually fade and for this reason 
should not bo used by the artist. 

Mauve 11 is of more bluish hiio. 

MINERAL GRAY 

A translucent, permanent pigment of very little tinting 
strength, drying well as an oil color. The better ])roduct 
is obtained from inferior varieties of lapis Imuli (genuine 
Ultramarine). Gangue (vein-stone) tinted witn Ultra- 
marine is often offered as Mineral Gray. ‘ This color is 
in but little demand, the same shade being produced by 
mixture of Lamp Black, Ultramarine and Zinc White. 

MINERAL YELLOW 

Casse] Yellow, Turners’ Yh‘ll(>w, \^eronese Yellow 

Oxychloride or Basic Lead (7///o?'/dc~P])CL.7PbO. 

Mineral Yellow has come into total disuse since the 
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development of the much brighter Chrome Yellow. Min- 
eral Yellow is also well known under the name Turners’ 
Yellow, named after its inventor Jas. Turner in 1870. 

Mineral Yellow can be prepared by melting litharge 
together witl^saUmmoniac (ammonium chloride). 

When treated with warm dilute nitric acid, Mineral 
Yellow, is entirely dissolved to a colorless solution, which, 
upon the addition of silver nitrate, will }uekra white pre- 
cipitate of silver chloride. 

Mineral Yellow is also soluble in caustic soda. When 
heated witli carbon, it is gradually cbnverted into metallic 
lead. 

Mineral Yellow varies in hue from a reasonably bright 
yellow to a dark orange yellow of considerable o])acity as 
an oil or water color. Like all pigments containing lead, 
sulphurous gas(‘s or compounds cause a d(*cided discolor 
ation. Mineral Yellow is not to be considered perfnanent 
under exposure to light and air. 

NAPLES YELLOW 

Jaiine de Naples, Jaime d’ Antimoine, Jaune de 
Xa})les, (liallo di Napoli, Amarillo de Napolos, 
Neapelgelb 

Naples Yellows consist essentiallvof 
-PbSb,0,. 

Tliis i|)iginent was originally thought to ])e a natui-al 
earth, of volanic origin, reference to it being made in very 
ancient times. Very early evidence of its use is found, 
as an enamel and on decorated pottery There is record 
of it being secretly manufactured in Naples about 1760. 

By prolonged roasting of finely mixed oxides of lead 
and antimony, Naples'Yellows arc* obtained, /riie hues 
vary according to the degree of heat and its duration. 
The lighter colors are produced at high temperatures. 
The addition of tin o^xide to the mixture, before roasting, 
will yield Naples Yellows of rich light yellow hue. 
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Naples Yellow is perfectly permanent to light and pure 
air, very ()[)a(iue, of little tinting strength, drying well 
in oil. Its sensitiveness toward snlplmr gases and corn- 
pounds renders it i>ractieal only in oil, in which technique 
it is protected by an oil or varnish fiUn. j Contact with 
metallic iron, tin and zinc causes this pigment to become 
gray. It is, therefore, advisable to use horn or wooden 
spatulas in preparing or mixing Naples Yellow., 

Hydrochloric acid and nitric acid slowly dissolve 
Naples Yellow; the resultant solution is colorless. Al- 
kalies also decompose this pigment. 

Naples Yellows are today mostly imitated by mixture 
of Cadmium Yellows, Permalba, Zinc White, and Light 
Hed or A'enotian Hed to yield colors of excellent per- 
manency and are to be recommended, especially in mix- 
tures, for their durability, in ])reference to the genuine 
Naples^ Yellow. 

NEUTRAL TINT 

T(*iiite neutr(‘, Tinia neutra, Xeutraltint(‘ 

Mixtures of Indigo, Black and Alizarin (h*imson, used 
as an-oil and water color, of cbnsiderable permanence; 
sjiaring, howev(‘r, th(‘ lack of absolute permau(‘ii(\v of its 
Indigo constituent. 

NEW BLUE 

Outremer clair, Oltremare chiaro, Ultramar claro 
(See Ultramarines.) 

OCHRES, NATURAL AND CALCINED 

Under the classitication of Ochres we find listed a 
variety of natural earths, the coloring principle of \Vhich 
is iron oxide (ferric oxide — and various iron 
hydroxides. 

NATURAL YELLOW AND BROWN OCHRES 

The yellow a;id ])i*own ochres d(‘rive tlieir coloi* from 
the presence of iron liydroxides. There are several iron 
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hydroxides, which exist as mineral species. Tlie Yellow 
and Brown Ochres derive their color, princii)ally from 
three of these, Yellow llcTmatite, Xaulhosiflerife —VeoOn. 
ILO; Brown Hiematite, Lf>wo///7c— 2Fe2().v3iroO and 
Bog-iron or^ — Fe^iOa.SlI.O. These oclires are 

chiefly composed of either or several of these hydroxides 
in varying amounts, together with more or less clay, 
also sand, chalk, gypsum, barytes and pcca'sionally sili- 
ca, diatomaceous in nature. This varying composition 
greatfy influences the color, tinting strength, o])acity and 
imrity of the ochre. The ochres •selected for artists^ 
pigments are chiefly from France, Italy, Germany and 
Spain, altlio in almost every country ochres are to be 
found. The ochres with the larger ])ercentages of iron 
hydi*oxi(les are more trans])arent and of stronger color 
than those, which contain large amounts of clay or other 
earthly substances making them opacpie, dull and of 
weak color. 

Artificial ocln*es are ])re]>ared by ])rt*ci]>lfation of iron 
salts and zinc or aluminum salts, with solutions of s»aa 
or limewater. The cohws^obtained bv this method are 
called Mars Colors (Mars Yellow, Mars Brown, etc.) 
They are composed jn’incipally of iron hydroxide, to- 
gether with more or less alumina, zinc carbonate or 
chalk, and are foi* this reason usually more transparent 
than the natural ochres. 

Tt is liecessarv to thoroughly wash and levigate natu- 
ral ochres lad'ore tlndr use as artists ])igments thereby 
washing the color free of sand and any soluble salts, 
which would otherwise be of considerable detriment, 
greatly affecting their durahilitt as pigments. 

When pure all ochres rank high with the most durable 
and permanent lugments. They have been iu use since 
very ancient times, in all painting techniques. 

Hydrochloric acid dissolves the ir(wn from ochres 
yielding a^yellow potition (iron chloride); the remaining 
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inulissolvod sediment is C()m})Osed eliiefly of clay and 
other earthly suhstances. Ochres to which dyes or lakes 
have been added to ])righten the color, usually bleed 
these admixtures in alcohol (to which a little ammonium 
hydroxide is added). The addition oY Chrome Yellow 
is readily detected (see Chrome Yellows). Ochres when 
heated in a test tube should not yield a tarry condensa- 
tion on the cooUside of the tube. Ochres should be in- 
soluble in boiling water, l^asic iron sulidiates a^re de- 
tected as statcKl under Indian Ked, page (ib. 

Mixtures of the natural ochres with organic pigments 
and lake colors are best regarded as of uncertain sta- 
bility, the iron liydroxides havijig a tendency to reduce 
these coloi's. 

Ochres ai*e sometimes tinted with Chrome Yellow 
((dirome Ochres) or fugitive yellow lake colors to en- 
hance their hue. This should, at best, be regarded as 
an undesirable addition, very readily /d’b^cting the ]>er- 
.manency of tlie jugment. 

The Yellow and l^rown Ochres ap]K‘ar uiuhu’ tlie fol- 
lowing names. Yellow Ochre, Ocre jaune, Ocria gialla, 
(k*re amarillo, Ijichter Ocker; Trans, (lohhui Ochre; 
Ocre d' or, traus.; Ocria dorata; Ocre de oro; Ooldocker; 
(loldeii Ochre; Ionian Ochr(‘; Ocre de 1b)ine; Ocria di 
Koma; Ocr(‘ de Roma; Ocker laxmiisch, P)rown Ochre, 
Oxford Ochre. 

Raw Sienna, Terre de Sienne, Terra di Siena, Tierra 
de Siena is a variety of yellow ochre, wliich is found 
])rincipally in Toscany, Italy. It is of dee]) ricli color 
and differs from the ordinary ochr(‘s in that it ])ossesses 
excel dional trans])arency. 

NATURAL RED OCHRES 

The natural red ochres are of similar composition 
containing a greater ])crcentage of iron oxide, to which 
is due their characteristic red color 
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Like the natural yellow ochres, the natural red ochres, 
if properly prejiared l)y tlioroii^h washing and leviga- 
tion, belong to the most durable and permanent pigments 
for all painting techniques. 

To these cWors belong the genuine Indian Red, Vene- 
tian Red, Terra Pozzuoli, Terra Rosa, Red Chalk, Bole, 
Ruddle, Red Iron Ore, Red Haematite, Bolus and the 
Sinopis a«d Rubica of ancient times. 

CALCINED OR BURNT OCHRES 

When natural ochres are roasted, the iron hydroxides 
lose tlj(‘ir water content, being thereby converted into 
iron oxide, 

2Ke,().:Ul,0 — :UI,() f 2Fe,<):., 

thereby causing a change of color from yellow to red. 

The different varieties of yellow ochi*es yiqjd upon 
calcination products varying in color fi*om oran’ge-red 
to d(H*p r(‘(l-bro\yi, the resultant hue being also part- 
ly affected by the temperature during roasting. Thgj.’; 
shai'e tin* ])(‘rnian(‘nt and dui*able projK'rties of the i^iw 
oclir(‘s in all teclini(jues. 

The following colors belong to the burnt ochres; 
Light Red, Brun rouge, Byuno rosso, Pardo rojo. Burnt 
Ochre, Ocria bruciate, Ocre brulee, Ocre tostado, Ge- 
brannter Ocker, Bt. Roman Ochre. 

OLIVE GREEN 

Veri olive, \^‘]*de oliva, Olivengruen, 

Olive Lake, Aliz. Olive Lake 

Oliye Greens are obtained by mixtures of several col- 
ors. Manufacturers use different pigments to obtain 
this color, the selectioy of which is governed usually by 
the purpose for which the color is intended. If the pig- 
ment should resemble a lake color, then such colors as 
the yellow lakes, the more transparent bpowns and blues < 
are employed in pwper mixture. On the other hand 
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should opacity be more essential, such yellows as the 
Chromes or Cadmiums, with Prussian Blue, Indigo or 
Ultramarine and Eaw Sienna will yield Olive Greens of 
good body and color. 

This color is best prepared by the artist Vhen needed, 
thereby controlling the exact c()m)K)sition of the mixture, 
to meet his requirements. 

ORPIMENT 

Kings Yellow, ^rsenic Yellow, Jaune Royal, 
Koenigsgelb 

Yellow sul}>lu(le of arsenic, Arsrnons SiiJpliidv — AsoS.^. 

At one time this pigment was used quite extensively, 
but has now come into disuse. It is described by Pliny 
in his ^‘Naturalis historia,’^ A.Dl 77, and was also known 
to the .early Egyptans. 

Kings Yellow is found native as the mineral orpiment, 
in various countries, (»r can be made artificially by pre- 
cr|)itafion, or siiblimaiion. 

Altlio of v(‘ry brilliant, rich yellow bin* and possessing 
consi(ferable body, Orpiment fades readily on exposure 
t6 light and reacts in mixtures with pigments containing 
lead or coi)i)er, to form the res])(‘ctive bln(*k sulphides. 
Also, with sucli colors as Ultramarinos, Cadmium Yel- 
lows, and the Iron Oxidcss it is unstable. Oi'piment ow- 
ing to its arsenic content is very poisonous. » 

' Sti'ong hydrochloric acid, caustic soda or alkaline 
carbonates dissolve Orjument to a colorless solution. 

OXIDE OF CHROMIUM, OPAQUE ^ ‘ 

Chromic oxide, Oxyde vert de chrome, Ossido 
di cromo verde, Oxido de cromo v(‘rde, Gruenes 
( diromoxyd 

The green oxhie of (9iromium, Chromic Oxulc — CroO^. 

This pigmeiii was lirst inti’oduced by \biu(|uelin in 1797. 
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It is of dull green color varying in hue, depth and opac- 
ity according to the i)rocess, wet or dry, and conditions 
under which it is jiroduced. It is generally of good 
opacity, very stfy)le and inert in mixtures and exception- 
ally perman?nt in all painting techniques, and employed 
as a vitrifiahle ])igment in the enameling of pottery. 

Acids, alkalies, sodium sulphide or hydrogen sulphide 
no not affect this jugment. 

Mixtures of Chrome Yellows and Prussian Blue, or 
Ultramarine, are unfortunately commonly to he found, 
offered as Chrome Greens. These mixtures bear no 
comparison with the tru^ oxide of chromium greens in 
physical and chemical projjerties. 

OXIDE OF CHROMIUM, TRANSPARENT ‘ 

Emeraude Green, Viridian, Vert erneraiide, Vbr- 
de smeraldo^ \'erde esmeralda, Veuriges Chro- 
inoxyd, Gnignet Gihmui, Emerald Oxide of (dir 
iniurn, Pannetiers (ireen, Mittlers Green 

Ili/drafrd chromic o.ra/c— Cr^,0,..2IL(). 

About 1834, Pannetier })roduced by seci’et process •'a 
^ery brilliant Clirome Gi-9*v‘n, which several years later 
was manufactvred by the patented })rocess of M. Gruignet, 
whose method is still in use and by whose name this pig- 
ment is^also known. 

This pigment is ])roduced by thoroughly mixing and 
calcining 8 jiarts of boracic acid with 3 parts potassium 
hichroinate, treating the resultant fused mass of green 
col(rt> with cold water, washing l^y decantation, grinding 
while wet, thoroughly washing with hot water to free 
from any soluble salts •{]K)tassium borate) and then care- 
fully drying. 

Oxide of (diromium, Transparent, is one of the most 
desirable jand valuable pigments for the ^artists palette, 
of excellent tinting* strength, color depth, beautifully 
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Iranspareiit, durable and unalterable in all painting tech- 
niques and in mixtures with other ingments, also unaf- 
fected by sulpliurous gases, dilute acids or alkalies and 
perfectly permanent to light. 

, Transjuirent Oxide of Obromium should* not be con- 
flicted with transparent (dirome Greens, produced by 
admixture of Prussian Blue with certain transparent 
yellows, as these* latter do not share in any degree the 
permanency of tlie former. 

BLUE GREEN OXIDE AND GREEN BLUE OXIDE 

In recent years very i)ermanent and brilliant blue 
green pigments are produced' by strong calcination of 
Chromic Oxide— CroOjj, Aluminum oxide — AI2O3 and Co- 
balt ous Oxide CoO. 

'The greater amount of Cliromic Oxide ])resent will 
])]*oduce a more greenish-blue hue. Tf greater (luantity 
of Aluminium oxide and (V)balt are added to the mix- 
ture, the yield wilhbe of more bluish colbr. 

i^hese pigments are also absolutely ])ermanont to 
light, unalterabh^ and dni’abh^dn, all painting techniques, 
unaffected l)y alkalies or acids and have no action on 
ofher* pigments in mixtures. 

PAYNE’S GRAY 

Gris de Payne, Grigio di Payne, Gris de Payne 

I A color prepared principally from Black, Alizarin 
Madder and Indigo, used only in oil and* water color 
painting. 

Payne’s Gray, like Neutral Tint, is ])r(‘])ar(‘d by, vari- 
ous color manufacturers from different constituents and 
where ]}erinanent and durable pignieiits are emi)loyed for 
this mixture, a color of good stability is obtained. Mix- 
tures or Ultramarine, Ochre and Ivory J^lack or Davy’s 
Grey (Slate GreV) yi(‘ld a very dependable Payne’s Gray. 
It is best prepared by the artist, wlfo^caii then select his 
pigment to meet his reqMrements. 



PIGMENTS 


90 


PEACH BLACK 

A variety of Carbon Black of strong color, comparing 
in physical and chemical properties to Lamp Black. 
Like Lamp Blacjv, it is permanent in all painting tech- 
niques and ^n })e safely used in a mixture with oilier de~ 
pendable pigments. 

PERMALBA 

A true composite pigment consisliiig essentially of a 
compound of Barium Sulphate. 

Permalba is an Artist’s Permanent White introduced 
by F. Weber (-ompany pf Philadelphia, after having 
undergone exliaustive laboratory and practical tests, re- 
garding the unusual chemical and physical projierties 
common to this pigment. 

Permalba is absolutely iiermanent to light, remaining 
unaffected u])on exposure to impure air, damimess and 
gases; is the mc^st opaque white iiigment with greatest 
tinting strength; will not discolor with age; is clieir.i- 
cally stable and inert towards any otlier ])igmeuts in iftix- 
tiires; is not acted upoif, or does not react Avitli any ve- 
hicles o'r mediums employed in any ])ainting teclini(iiH'; 
does not contain any lead or zinc; is non-toxic; is acid 
and alkali resistant aiid is not discolored by sulphur 
gases or sulphur com])ounds; yields lints of exce])tional 
brilliancy and true color value when mixed with any 
color; Withstands high baking temperature without di{j- 
coloration; photographs white and is not acted upon, or 
altered by the actinic light rays. 

Permalba when ground hi the jmrest oil, yields u])on 
oxidation (drying) of the oil, an elastic film, with no 

tendency to crack or become hornv or brittle. 

- • 

Permalba is sold as an artist’s oil, water, tempera and 
pastel color and is rapidly displacing other less durable 
white pigments o;i the artist’s ]udette» where ])erina- 
]iency and* durability are of first consideration. 
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PERMANENT GREEN 

Vert jierm., Verde })erm. 

Permanent Greens are mixed colors jirepared by vari- 
ous manufaciiirers from a selection ot permanent pig- 
ments to obtain greens of different hues. Usually the 
most durable yellow and blue ju^’ments ai'e emi)loyed in 
varying amount^ to ])roduce a light, medium and deep 
Permanent Green. Tlie Oxides of tUiromium, Transpar- 
ent or Opaque, ai*e best used in conjunction with per- 
manent yellows or bkies. 

PERMANENT VIOLET 

(See Manganese A'iolet) 

PERMANENT WHITE 

« 

Blanc* Fixe, Baryta White, Constant White, Schwers- 
patweiss, Barytes 
*^Uari u m S u I ph afe— BaSO^ . 

Obtained by grinding the mineral heavy spar (natural 
sul])liate of barium), or by ])iV‘cipitatioii of a soluble 
luarium salt with sul]>liuric acid (or with any* solul)le 
sulphate salt). A much finew and ])urei* ]>roduct is ol)- 
taiiied liy ])recipitation, which \\*heii thoroughly washed 
and dried, constitutes one of th(‘ most ])erman(*nt and 
unalterable ])igments. 

, Unfortunately Barium Sulphate, as an oil co*lor, has 
very little covering and tinting ])ower and’is, therefore, 
more frequently used as a water color. 

Owing to its high specific gravity and lack of opacity 
it is very often emjdoyed as an extender in heavy paints, 
greatly increasing the weight apd reducing the color 
strength ©f the paint. 

Many organic dye-stuffs are ])recii)itated on Barium 
Sulphate to form the respective Lakt* Uolors. 

Barium Sulphate is an important constituent of Lith- 
•opone. 
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Permanent White is insoluble in acids and alkalies 
and can be heated to glowing without undergoing change. 
This fact is made use of, in its detection, as it will al- 
ways remain as an insoluble residue in acid or alkaline 
solutions of>)igifients. When heated with carbon, Per- 
manent Wliite is converted into barium sulphide, which 
if then moistened witli hydrocliloric acid will evolve hy- 
drogen sulphide. 

PRUSSIAN BLUE 

Bleu (1(‘ Prusse, Bleu di Prussia, Azul de Prusia, 
Preussischblau, J’aris Blue, Chinese Blue, Milori 
Blue, Bi’onze P>lue, Hteel Pdiie, Mineral Blue, 
American Blue 

Frrrir Fcn ocifauldc— Fe^ | Fe{CX,j) ] 

IVussian Blue, wliicli was discovered in 1704 hv Dies- 
bach in Berlin, is a complex com])ound of iron and cy- 
anogen. Cijanogen is composed of carbon united with 
nitrogen— (^N — and is known to comsHitute one of th^ 
most powerful ])oisons, when in the simple compowid 
poiassium nynnn/c-— KCN.* Prussian Blue is, ho^vever, 
non-poisonous. 

When solutions of gcUow prns,^i(if(‘ of potash ( Ftdassi- 
am f<'rro(‘paai(l(' ) — l\,Fe(('X),— and ii*on (ferric salts) 
are brought to^dher (keeping the iron salts in excess) 
Prussian IBue (ferric ferrocyanide) is formed as a deep 
blue in{W)Iuble pr(‘ci])itate. If during precii)ilation the 
])otassium fen'oeyanide is ke])t in excess, a dee]) Idue ])re- 
cipitate is also formed wliich is soluble in water. This 
compound is composed of iron, cyanogen and potassium 
and is* Soluble Prussian Blue. 

By treating the insoluble Prussian Blue with Glaaher 
Salt (Sodium sulphate) and Oxalic Acid a solul)le Prus- 
sian Blue is also oldained. 

Ferrous salts, for instance irou ritrial (fenums sul- 
phate) and yellow iirj(ssiate of potash form a white pre- 
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cipitate, which when exposed to air, or if treated with 
Nitric Acid, is oxidized, thereby developing Prussian 
Blue. Owing to the cheapnes's of iron vitriol (copperas) 
this method is usually employed for the commercial 
manufacture of Prussian Blue. 

f 

Chalk, Gypsum, Clay, Starch, etc., are often added to 
Prussian Blue as adulterants and also to lighten tlie col- 
or and weaken its tinting strength, an exampl^ of which 

is Antwerp Blue. 

Prussian Blue is a very traiis]>areiit color of ])Owerful 
tinting strengtli. ^Jlie ])est varieties are insoluble in 
water, of exceedingly bard sj:ructure, having a bronzy 
appearance when dry. 

Prussian Blue, when thoroughly pure and washed free 
of any soluble salts, can be considered among the best 
])igment»s, althougli as a water color, if exposed to direct 
sunlight, it shows , a tendency to fade slightly, but re- 
gains its former depth if ])laced for a#time in the dark. 
"^Prussian Blue can be mixed with practically all dur- 
abTe })iginents, excepting tljosc of alkaline character, 
which' tend to destroy the color. 

• Lyes (caustic soda or ]K)tash) d(*compose Prussian 
Blue, yi(‘lding ])otassium or Sodium ftu'rocyanide in so- 
lution and red-brown ferric hydroxide a.^ insoluble resi- 
due. If this alkaline solution of ]K)tassiiim or sodium 
fcrrocyanide is filtered off and then treated witji hydro- 
f'hloric acid and iron chloride then ad<led, Prussian lUiie 
is again formed (detection of Prussian Blue). 

Owing to its sensitiveness towards alkalies, Prussian 
Blue cannot be emploxv?d in fresco or minei*al })ainting. 

Weak Acids do not affect Prussian Blue. 

By roasting Prussian Blue it is* oxidized to brown iron 
oxide and is known then as Prussian Brown. 

Solutions oi jred prussiate of potash (potassium ferri- 
cpa}lidc)~K.,Vo(CN)^~^yhi}n added Jo solutions of for 
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rous compounds, yield a blue insoluble precipitate, fer- 
rous ferricyauide — Fe;i[Fe(CN)o].j Tumbuirs Blue. 

Blue Prints owe their color to the formation of Tiirn- 
bulPs Blue. 

PURE SCARLET 

Koyal Scarlet 

Mercuric Iodide— 

This i^^ment of opaque, beautiful scarlet- vermilion 
hue, is used })rincipa]]y as a water color, but is rapidly 
coming into disuse, owing to its lack of even reasonable 
permanency. Jt is })repared by the dou])le decomposition 
of solutions of ni(*rcuric rdiloride and potassium iodide. 

IIg(1,-]-2KT-^HgL-!-2K(T 

l^ure Scarlet is entirely soluble in a solution of potas- 
sium iodide (yielding a colorless solution). 

• RAW SIENNA . 

de Si(‘nne, Terra di Siena, Iherra de Siena,* 
Sienna 

A nafnral variety of Ochre. 

Raw Sienna is a vcoy richly colored variety of Yellow 
Oclire, obtaineij i)rincip!dly from Toscany. The earth is 
carefully selected, ground and waslnul and is then offered 
as a ])i^’ment of considerable transparency and color 
strength, working well as an oil and water color and 
equally well in other painting techniques, having the same 
chemical and ])hysical ]»roperties and absolute ])erma- 
noiK^yv.as all other pigments, comn]on to the ochres. 

.The large ])ercentage of iron hydroxide's ])resent in 
Raw Sienna produces the rich transparent yellow color, 
for which this pigment has been prized by artists since 
ancient times. 
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RAW UMBER 

Cyprus Umber, Turkey Umber, Terre d’ ombre. 
Terra d’ ombra, Tierra de sombra, Umbra 

A variety of ochre obtaining its color from the presence 
of iron hydroxides and tlie oxides of mAng^iiese. 

The better kinds of Umlier are native of the Island of 
Cyprus. The native earth is washed, finely ground, 
levigated and after thoroughly drying, constitutes one of 
the most durable and permanent pigments, adaptable to 
all painting techniques. 

Raw Umber does libt react with other pigments in mix- 
tures. True Umbers are insoluble in alkalies. 

When roasied or calcined the iron hydroxides lose their 
water constituent, being converted into red oxide, the 
pigment is then known as Burnt Umber. 

Whea.Umbers are treated with warm hydrochloric acid, 
chlorine gas is evolved, easily recognized by Its character- 
istic disagreeable and ])iercing odor. 

REALGAR 

Arsenic Orange 

Arsmic rf/.s‘a/p//n/c— As^So. 

Realgar (like Orpiwcaf— As\.S;.) is a sulphide ot* arsenic 
of orange-red hue. Also like Orpiment it is an unstable 
pigment in mixtures, very poisonous and not permanent 
to light, soluble in potassium sulphide, and so»'ium bi- 
carbonate. 

Realgar was used in very early times as a pigment and 
mentioned by Pliny, A.D. 77. 

RED LEAD 

Minium, Orange Mineral, Saturn Red, Paris Red, 
Rosso di Raturno, Minio, Mennige 

A bright red' o:r?V/c of lead — Pb;jO^. 
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When litharge (lead monoxide— PbO) is he*ated in pres- 
ence of air, it gradually oxidizes to tlie higher oxide— 
Pb;j 04 — known then as Red Lead. 

The finest variety of Orange Mineral is obtained by 
carefully heating pure White Ijcad, which is tliereby con- 
verted into Liiharge and then into Red Lead. 

Red Lead in dry powder form, soon turns black upon 
exposure to light. This darkening is p^erhaps due to a 
reductiouiof the red lead to lead monoxide and dark brown 
lead peroxide =: Pb.( 04 2PbO -f PbOa* This reaction 
is not produced )ry oxidation, as it will occur in a vacuum 
tube exposed to light. When the pigment is gnmnd in 
an oil or resin, this darkeni'’g does not readily take place. 
As an oil color, Red Lead is fairly permanent to light. 
Like all pigments containing lead, it is very sensitive to 
sulphiii-ous gas(‘s (cluiracteristic formation ot‘ lilack lead 
sulphide). When ground in linseed oil, Red Lead 
hardens readily, yielding a quick-drying color. Owing to 
its exceptional cohering and weather-resisting properties, 
it is used frequently as a heavy-paint for underpaintiug 
on metals, as a protection ^igainst rust. 

Mixtures of White Ijead and Orange Mineral fade* upon 
exj)osu]*e to liglit. (Vudaiii other colors, Oadniiiiin YeK 
low, etc., are readily acted upon by this pigment. 

Upon strong’y heating Red Tioad, oxygen is given off, 
with formation of reddish-yellow litharge = 

Pb ,04 -^3PbO + 0. 

l)ilut(‘ Nitric Acid decomposes this pignnuit to lead 
nitrate (in solution) and dark brown lead peroxide. This 
reaction yielding the dark brown j)eroxide, distinguishes 
Rgd Lead from pigments of similar color, such as Ver- 
milion, Chi'ome Red, Cajlmium Red, etc. 

Red Lead was known to the ancient Romans and Greeks 
as Minium, latin for vermilion. Vitruvius and Pliny both 
make reference to it. 
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REUBENS MADDER 

A lake of beautiful orang’e-browu hue, })repared from 
the Madder root. Lately a^)etter and more permanent 
product is obtained for the coal-tar alizarin. 

ROMAN OCHRE 

A variety of natural ocherous earth, selected^ for its 
high color value and possessing the permanent and dur- 
able physical and chemical properties of the Ochres. 

ROMAN SEPIA 

A mixture of Sepia and Burnt Sienna, to obtain a warm 
sepia hue, with chemical and physical properties common 
to Sepia and Lt. Sicuina. 

ROSE CARTHAME 

The coloring t)riiicipal of this transparent brilliant lake 
Qolor is derivative of (hal Tar. It is a modern pigment 
with good permanency to light, with chemical and i)hyslcal 
properties common to the lake pigments. 

ROSE DOREE 

A variety of Rose bladder of more sj'arlei hue, ])()S- 
sessiiig the physical and chemical characteristics of the 
Madder Lakes. 

ROSE PINK 

A fugitive lake of dull rose-red color pre])ared from 
Brazil wood, insuffi(‘i<*ntly ])(*rmanen1 foi‘ artists' use. 

ROUGE 

A variety of ferric oxide- 2Fe.();{. 

Obtained by calcining ferrous sulphate. Used as a 
metal polish and pigment. 
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SAFFLOWER RED 

Rouge vegetal, Rosso vegetale, Rojo vagetal, 
Safflorrot 

A nioderii |ake ])igment of good permanency to liglit, 
the coloring ])i*iiiciple of which is derived from coal-la?;. 

The true Safliower Red is obtained from the dried petals 
of Carfhannis iwcioriits, native of Asia jnd cultivated in 
most otlioi* countries. 

Safflower contains two coloring principals, Safflower 
Yellow, soluble iii water and Safflower Red, also called 
Rose Carthame, only slightly soluble in water. A*s a dye, 
Safflower Red is Fugitive aiKl expensive. The modern de- 
rivatives of coal-tar, yield lakes of much greater per- 
manency and similar hue. 

SAFFRON 

Crocus 

A l)right y(‘llow ohtaiuc'd from tlie saffron ])lant, 
satiriL^, native of tlu' Orient Saffron is principally used 
today as, a coloring for confectionary. 

SAP GREEN 

AAu't de vessie, A'erde vescica, A’^erde vejiga, 
Saftgruen 

An insj)issated (‘xti*act of unri])e huckthorn bei’ries, of 
dark yellow-grecui hu(‘, not very permanent, readily imi- 
tated in hue by the more [)erinanent coal-tar lakes. 

True Sap (h’eeii is oidy us(‘d as a water color, not work- 
ing well as an oil color, and is valued as glazing color, 
being very transparent.. 
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SCARLET LAKE 

Laque ocarlate, Lacca scarlatta, Laca escarlata, 
Scharlachrot 

Scarlet Lake, like Crimson Lake was fonnorly prepared 
from cochineal (see (hirmiiie) in the sanie lifanner as Car- 
mine Lake^ but this color is imitated, in hue, by the 
modern permanent Alizarin Madder, toned with a per- 
manent yellow to obtain a scarlet hue, and as^such is a 
very desirable transparent lake, with considerable per- 
manence. 

SEPIA 

Sepia is obtained from cerhain species of cuttle fish (or 
ink fish) Sepid oflicinalis, Sr])ia lolipo, etc., common in 
the Mediterranean sea. The sepia fish have a peculiar 
glahd, which secretes a deep blackish-brown fluid, used 
by the fish for purpose of defense, its escai)e being facili- 
tated when the suriounding water is rendered o])a(iue by 
t,he dark fluid. 

The ink bag is carefully dried, dissolved l)y alkalies, 
wliicLonly dissolve the color, leaving any })articles of the 
skin of the l)ag undissolved and after filteriiig, the color 
is precipitated upon the addition of acid (usually hydro- 
chloric acid). After thoroughly’* washing and drying, it 
yields a pigment of considerable color strength, with 
good permanency to light and durability in niix^i>»‘e with 
other stable pigments. 

The chemical composition of Sepia is’ not generally 
known, its solubility in alkalies and precipitation by acids, 
gives it the chara(*ter a weak organic acid. 

Solutions of Sepia in ammonia w^oter or alcohol are 
sold as Liquid Sepia. Sepia is insoluble in water. 

Sepia only used as a water color, mixtures of Bl. 
[Trnber, or Vandyke Brown, with Lamj) Bhu'k are used 
in oil to imitate Sepia. 
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Sometimes Umbers are used to alduterate Sepia, which 
are usually detected upon calcination. The Sepia, being 
organic, will leave but a trace of ash, the earthy umber 
being unaffected. 

Warm Sepfcx, Roman Sepia and tinted Sepias are varie- 
ties of mixtures of Bt. Sienna, Alizarin Madder, etc., 
with Sepia. 

SMALT 

Zaffi*e, Royal Blue, King\s Blue, Dumonts Blue 

Essentially a silicaie of potassiim mul cobalt. 

Smalt is the oldest of the blue cobalt pigments* having 
been discovei*ed about the rhiddle of the sixteenth century 
by the glass-maker Christian Schuerer in Bohemia. 

Smalt is a Cobalt glass, which is ol)tained by fusing 
cobaltous oxide together with potash and sili(‘a, producing 
thereby a deep blue colored glass, which is then finely 
ground and washed. The degree of fineness to which the 
pigment is ground, produces paler hues. The rougher 
the ])igment, tin* d(‘eper tlie Idiie, but the very C(uii«se- 
grained product is unsuitable as a pigment. 

Smalt* has little covering power, is weak in tinting 
strength and is reacted upon by moisture and the carbonic 
acid present in the air, becoming lighter and more gray 
in color. 

SmalHs partly soluble in hot hydrochloric or sulphuric 
acid (witli yellow-green solution) Init only slightly reacted 
upon by cold hydrochloric or nitric acid. Caustic alkalies 
do not affect smalt. 

Sihalt differs from Cobalt Blu^ in that it fuses to an 
almost blue-black glass bead when strongly heated. Acids 
detect Ultramarine, gypsum or clay, as adulterants. 
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TERRE VERTE 

Green Earth, Terre dc Verone, Veronese Green, 
Veronese Earth, Terre verte, Terra verde, 
Tierra verde, Grnenerde 

. A natural earth pigment of ochre character, varying 
in composition, in consequence of which some Torre Verte 
pigments differ jin hue. The best variety, of deep olive- 
green color, is found at Monte Baldo, near Venona, from 
which source it obtains the name Veronese Green or 
Veronese Earth. 

Terrd. Verte is a product of natural disintegration of 
certain minerals and is composed generally of the sili- 
cates of iron and otliei’ elements. The iron silicates is tlie 
coloring principal. Tlie best varieties are selected, 
treated with dilute hydrochloric acid to remove any cal- 
cium carbonate (whiting) or ochre find after thoroughly 
washing, are ready Tor use. 

Terre Verte is^ a very dependable i)igment for use in 
dil^and water color painting. It is s(‘mi-opaqu(‘ and of 
weak tinting strength. Some varieties of Terre Verte be- 
come discolored (of rust color) when used with the cal- 
cium hydroxide employed in true fresco painting (forma- 
tion of iron hydroxide). ' , 

When calcined, Terre Vei'te is converte'd into an ochre- 
brown color, which is then known as Burnt Terre-Verte, 
and as such is a very permanent and durable pigment. 

Terre Verte is sometimes imitated or adulterated by 
mixtures of Yellow Ochre and Prussian P>lue. Alkalies 
destroy the Prussian Blue in such mixtures, turning same 
brown in color. Watev, alcohol or weak ammonia water 
is used to detect the addition of dyes. Ammonium hy- 
droxide will turn Terre Verte blue if any copper colors 
have been used to brighten the color. Green Ultramarine 
as a substitute for Terre Verte is readily detected by hy- 
drochloric acid, with formation oi hydrogen sulphide. 
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TRANSPARENT WHITE 

A gelatinous transparent mass consisting of alumina 
ground in oil, used only to extend or reduce the tinting 
power of lake colors. 

ULTRAMARINE 

La})is Lazuli Blue, Bleu d’ Azur. Outremer, 
Oltrejnare, Ultramar, Lasurstein, ultramarine 
Ash, Cendre d’ outremer, Cenere d’ oltrcmare, 
(>eniza de Ultramar 

Tlie stone La})is Jiazuli from which the genuint Ultra- 
marine is obtained, was kn^wn to the Romans and Grec- 
ians, as Saphir (Sapphire) hut mention of its use as .a 
source for tlie pigment, dates between the thirteenth and 
fourtecTith century. The finest varieties of Lapis Lftzuli 
are found in Tibet. It also comes, varying in pui’ty and 
color, fi’om Siberia, Persia and China. 

The naiural Urtramarine is usually found to have gold- 
like Sj)(‘(*l\S, eoiisisiing of i ron-parifrs, PeSo, (Fools' (f<^h( ) 
scattered throughout the mineral. 

The mineral is essentially composed of silicon, alumi- 
num, sodium, sulphur and oxygen. The mok^cular con- 
struction (chemical fonnula) of the compound is not 
definitely known. It is a most peculiar fact, that such 
a strong (*oIor should be produced from a compound of 
element. <r which of themselves have no color (with ex- 
ception of sulphur, which is yellow). 

The method of extracting the blue color from the stone 
consists in selecting the purest pieces, which after having 
been tinely ground, levigated and washed, are kneaded 
together in the form of a dough (with a little wax, rosin 
and linseed oil) in a weJik solution of pota.sh or soda lye. 
The finest particles of the color are withdrawn by the 
alkaline water and settle out when left standing. The 
dough retains the foreign mineral substances (gangue). 
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The second and consecutive extracts from the same dough 
become more gray in color, the first extraction is of the 
purest and deepest blue color, the last extraction, blue 
gray in color, contains much gangue and is the least 
valuable. These last extractions are kn©w» as the Ultra- 
itiarine Ash. 

Genuine Ultramarine is permanent to light, moisture, 
unaffected by lif drogen sulphide and stable in mixture 
with other durable pigments. Its chemical properties arc 
similar to those of the artificial ultramarines. 

ARTIFICIAL ULTRAMARINE 

French Blue, French Ultramarine, New Blue, 
Permanent Blue, Oriental Blue, Gmelins Blue, 
..Guimet’s Blue, Bleu d’ Azure, Ultramarine Red, 
Ultramarine Violet, Ultramarine Green, Silver 
Ultramqjrine, Ultramarine Yellow 

^ A blue substance noticed in 1814 as a blue coloration, 
accidentally produced in the soda furnaces of St. Gobian, 
France, was subsequently shown to b(‘ identical to the 
lapis lazuli blue in chemical and physical properties. 

In the year 1826 Guimet in France, discovered a method 
for artificially preparing Ultramarine and was awarded 
6,000 francs by the Societe d’ Fncourageinent de France 
as a prize for devising a method of artificially ])roducing 
ultramarine for less than 300 francs per kiliV^ramme. 
Contemporaneously Gmelin of Tuebingen also published 
a method of manufacture. 

The three principal Ultramarines are the Soda Ultra- 
marines, low in sulphur content and of pure blue color; 
Soda Ultramarines, high in sulphur content, of deepest 
blue color, with reddish tinge and having the greatest 
power of resisting alum, in consequence of the high silica 
content also ])rosent; Sulphate Ultramarines of greenish 
tinge and the jwlest in color of the ull^amarines^ and weak- 
est in their power to resist solutions of alum. 
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The soda ultramarine is prepared by finely grinding a 
mixture of sodium carbonate, china clay or clays of 
similar composition, sulphur and a small amount of car- 
bon, in the form of charcoal, pitch, colophony, etc., and 
strongly heating in closed crucibles or muffle furnaces. 
The blue formed directly in this process varies in color 
depending on the amounts of sulphur and silica, which * 
yield deeper and more reddish ultramar!nes when present 
in larger amounts. 

In ord(‘r to i)ro(lu(*e the sulphate iiltramariii(‘s a mix- 
ture of sodium sulpliate ((Hauber’s salt), chiiuu'lay and 
carbon are Jieated to glowmg; a reduction of the sodium 
sulphate to sodium sulphide is brought about by the 
carbon, and a com])ound of green color is formed. This 
is known as Ultramarine Green. This Ultramarine Qreen 
is then thoroughly washed, after which it is agaiij roasted 
in a regulated air supply with addjtion ot* sul])liur, be- 
coming thereby gradually converted into a rich blue color, 
identical to the soda ultramarines. 

Carefully prepared ppre TTItramariue Blues rank as 
most pormanent and durable pigments. Genuiiie*IJltra- 
marine is slightly moi*e tj*anspareut as an oil color, than 
the artificial ultramarines, but otherwise next to impos- 
sible to disting'aish chemically, from the decidedly less in 
cost, artificial product. 

The cfwnmercial acid-proof ultramarine is not truly acid 
resistant, but gets this name owing to its property ot 
resisting the action of alum, due to an excess of silica in 
its com])ositiou. Alum in solution shows acid I'eaction. 
This property comes into consic^eratioii where the blue 
is used as a coloring for paper, sugar, fabric, soap, etc. 

When ultramarine in oil is applied in heavy^application 
(impasto) some varieties show a tendency to go blind, 
becoming gray in color with age; this Js known as the 

ultramtirhie sicl^vrss.” This phenomenon is fortu- 
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nately very rare and never occurs when white has been 
mixed with the ultramarines. 

Ultramarine is an absolutely permanent pigment under 
all conditions of painting, perfetly fast to light and air, 
stable in mixture with all other durable pigments (dis- 
coloration would show one of the pigments to be impure 
' or improperly washed). 

Weak and strOng organic and mineral acids, except 
carbonic acid, readily decompose ultramarines, destroy- 
ing the color with evolution of hydrogen sulphide. Al- 
kalies liHiVe no actioinon this pigment. Alum reacts more 
readily on ultramarines with low silicate content The 
color is not readily destroyed by heat. The addition of 
dyes to brighten the color is readily detected by shaking 
a saipple of the pigment with water or alcohol, the ultra- 
marines .being insoluble. Caustic alkalies will discolor 
ultramarines to bro\Ynish hue if Prussian Blue is })resent. 
Ammoniiun hydi’oxide will })roduce a obhi(‘ solnlion if 
cor^^per bines are present. Gypsum, barium sulphate, 
chafk, china clay, magnesium carbonate, etc., are some- 
times added to cheapen the product, which may, greatly 
reduQe the tinting strength of the color. 

Ultramarine Voilet and Ulti^amarine Red are obtained 
])y treating the ])hi{‘ jiigimmt with sal amixoniac and dry 
hydrochloric acid gas at a high temperature. Properly 
washed, these colors form permanent pigmen.ti;, how- 
eVer, of no practical commercial value. 

Tlie ultramarine red is converted into Ultramarine Yel- 
low when tnjated with hydrochloric acid gas, at tempera- 
tures above C. Y*ellow Ultramarine— Silver Ultra- 
marine— is also obtained by replacing the sodium coil- 
stituents of ultramarine, with siIv(*V. If instead of silver, 
other elements are used, ultramarines of various colors 
are obtained, with zinc a violet; potassinin or lithium 
a blue; barium a yellow-])rowu ; mang^iuese a gray. Tlie 
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sulphur constituent of the ultramarine may also be re^ 
placed by selenium or tellii!*ium, lorming brown and violet 
ultramarines. These compounds are, however, useless as 
pigments. 

The finest varieties of Ultramarines were formerly ob- 
tained principally from Franco, but in reccnjt years this 
pigment has been developed in the United States and iin- * 
equalled in purity and color by any of tl?^ foreign brands. 

VANDYKE BROWN 

Cassel Earth, (^assel Brown, Cologne Eai'th, 

Terre cassel, Bruno Vandyck, Tardo Vainlyck 

These colors are all n/jtural earth ])igments, which, 
coming from various localities, differ accordingly in color 
and composition. They are all essentially com[)Osed of 
bituminous matt(‘r, conse(|U(‘ntly of organic origin„con- 
taiiiing also a [)erc(‘iitage of iron oxides and othcy (‘arthy 
substances. A'andyko Brown is considered to be a kind 
of decom])()sed, mit earthy lignite, rc'ceiving its name as 
a pigment after the famous artist, who was particulaily 
partial to tlie use of browns in his pictui’es. 

The general composition of Vandyke l)i‘<>wn ihay be 
said to l)e about : 

80 per cent, organic matter and moisture. 

Oxide of Iron and Alum- 

20 per Writ, mineral matter 

^ I arbonate of lime 

Insoluble siliceous mattei 

Vandyke Bi’own fadt*s upon exjiosurc^ to light, de- 
velo})ing th(‘reby a cold gray tout* this taking place more 
rfipidly wlnm used as a water color than an oil color, in 
which latter veliicle it is slightly soluble. 

This color has little ('overing powiu* and is a slow drier 
in oil. 

When heated in j t^'st tube a tarry sublimate is pro- 
duced, leaving a charred residue. 



] 1C ARTISTS’*]fIGMENTS 

When calcined in presence of air a residue of reddish- 
brown gray ash remains; showing considerable loss oi 
weight by ignition (contrast true Umbers). Most of the 
organic constituents of Vandyke Brown dissolve in caustic 
alkalies, to a deep brown solution. 

• Many pigments are offered today on the market as Van- 
dyke Brown, which are varieties of dark brown iron 
oxides, or calcined brown ochres and as such, of course, 
are very desirable colors for peniianency and dlirability. 

, VERDIGRIS 

Vert de gris, Gruenspan,^Verdet dc Montpellier 

.Several acetates of copper are constituents of Verdi- 
gris, tlie most important of which is tlie blue variety, a 
dibasic acetate and the green verdigris, a mixture of the 
di- and tri-basic acetates. 

The blue verdigris is pi’oduced by allowing copper 
plates to be acted upon by the vapoi^s of acetic acid 
(vipegar) in ])i'es(‘nc(‘ of air. (Ji'oat (juantiti(*s of this 
pigment are made at Montpellier, France, where sheets 
of copper are placed in loose ])iles of spent win(**lees, or 
the marc of grapes, when these (‘vince a strong vinegar 
odor. The vinegar fumes gradually react with the cop- 
per and when conversion lias taken jilace'sulliciently, the 
verdigris is scraped from the plates, mix(Hl with water 
and formed into balls. 

Distillrf] or crysioUiiiv rrrdiyris is of dai;k gr(‘en ctdor, 
crystalline in structure and is essentially innitral copper 
acetate— (hi(CoiI; 5 ().)..IL.(), which owing to its solubility 
in water and transparency, is of little importance as a 
pigment. 

Wwdigri^ should not be emploVed as an artist’s pig- 
ment, being the most fugitive of the copper greens, unsafe 
in mixtures witl^most pigments of organic oi'igin and lake 
colors and also* affecting some mineral ])igments. As a 
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water color it is not durable, readily affected by moisture. 
In oil it sRows better permanence but only when well 
protected l)y a strong film of oil or varnish. In oil, the 
color with age becomes slowly darkened and more green 
in hue, being; acte<l n])on by the fatty acids. It is only 
slightly soluble in water, readily soluble in all acids, 
without effervescence. Heated with strong sulphuric acid 
it evolves acetic acid. When strongh^ heated it turns 
black (foTmation of copper oxide). Hydrogini sulphide 
or sodium sulf)hide, blackcui V'ei'digris (formation of ])lack 
copper sulphide). An excess of ainmonium hydroxide 
gives a deep blue solution (characteristic test for detec- 
tion of copf)er). Adulterations with Prussian Blue, or 
dyes, may be detected in the usual manner. Verdigris. is 
used principally for the manufacture of Emerald Green. 

Pliny, A.l). 77, mentions that this color may be •pre- 
pared from copper and vinegar. Verdigris waS known 
to the ancient Romans and Grecians.* 

■I. 

VERMILIONS 

English Vermilion, French Vermilion, Chinese 
Vermilion, Orange Vermilion, Scarlet \\'nnilion, 
Cinnal)ar, Quicksilver , -Vermilions, Sinopis, Ver- 
milion, Verniiglione, Bermellon, Ziiinober 

f\ 7 

All hues are pure ntcrcuric .sulphide -IlgS. 

VermUion is a compound of mercury and sulphur found 
native as the mineral chiuahar {nicrcunj hle)id) in Spain,' 
China, dai)an, .Mexico, Peru, Germany, Austria and Cal- 
ifornia. 

The natural mineral is rarely J*ound siilliciently pure 
and bright in color, to be used as a })igment. Wnnilion 
is manufactured directly from tin* eh'inents mercury 
((luiclcsilrrr) and sulphur, by what is known as tlie rlrp 
method and the u'ct method. 

In the dry method, the raw materials \ire used in the 
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dry condition; 84 parts by weight of mercury are inti- 
mately mixed with 16 parts by weight of suiphur, until 
an amorphorus black powder {Ethiop^s mineral) is 
formed, from which the crystalline vermilion pigment 
is obtained by sublimation. The Eihiop is pure mercuric 
sulphide and is unchanged chemically during the sub- 
limation process; a change of color, entirely due to a 
physical change ^molecular rearrangement), having taken 
place. 

The A'ermilioii obiained in this manner, is tlnni treat (‘d 
with hot alkaline solutions, in order to remove any free 
sulpJiur* after which it is thoroughly washed, yielding a 
much l)i’igliler and purer color than when tli6 wasliing is 
omitted. The more finely this crystalline Vermilion is 
ground, the resultant (‘olor will vary from a dark red to 
light red hue. 

In Holland the dry method is said to have been em- 
ployed for several eenturios. It was also usual, in Hol- 
land, to add about ])ercent of rM lead or finely 
di\;ide(l metallic lead to the mercury and sul])hur. 

In the year 1687, (J. Schulze published the tii-st process 
for preparing Vermilion by the wet method and today 
there are gr('at nnmixn- of such ])roc(‘ss(‘s in use. 

In the wet method, the (piiclv'^ilver and sulphur are 
ground together, in the presence of water,^after which the 
black compound is constantly stirred for many hours 
with a warm solution of caustic potash or ])ota:>«um sul- 
phide, until it develoj)s the d(‘sii*ed vermijioii col<)]'. It 
is then thoroughly washed and dried. Hy varying the 
process somewhat, it is yiossible to o))tain vermilions of 
different hues, howevef, all chemically composed of mer- 
curic sulphide. * 

For som^ inexplicable reason, certain varieties of ver- 
milion darken upon exposure to strong sunlight (revert 
to the black an;orphous condition), this being especially 
evident when the pigment is impure. * Those ’colors ob- 
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tained by the dry method and the native product, usually 
show greater stability under exposure to direct sunlight. 
Vermilions inclining towanjs a bluish tinge usually show 
greater permanence than those of an orange and scarlet 
hue. Vermilions, which for (centuries had retained their 
red color in illuminated books and manuscripts, ha\^ 
been known to darken when placed in museums, where 
they were subjected to direct sunlight. • 

As an f)il color, pure Vennilion, where properly pro- 
tected by a film ot* oil and varnish, may be accepted as 
permanent, if not exposed to direct sunlight. 

Vermilion, if ovcu'glazed with alizarin madder is very 
unlikely to Vndergo any (*'jang<* in color. Vm-milion is 
very ()])a(|iie, of scarlet color and is one ot‘ th(‘ heaviest 
pigments (in specific gravity), ddie ])igment does not 
require much oil as an oil color, is a slow dryer ns 
and must b(‘ v(‘ry cai'etully ground in ord(‘r to prevent 
separation of the oil fi'cm the pigment. 

Impure air, shlpliurous gases or moisture have no 
atTect on A'ermilions. Tluw are very stable in mixtures 
with all other durable pigments. Only when impure oi’ 
containing fi'ee sulphur will V<*rn]ilions discolor Wliite 
Leads. 

Pure vermilions are insoluble in water, alcoliol, alkalies 
or in dilute acids. Nitric acid does not react with ver- 
milion, pr(‘sence of red lead shows brown discoloration. 
A s()luti‘::i of sodium sulphide, with addition of a small 
(juantity of sodium hydroxide, will dissolve vermilion 
very n'adily. Oyes (usually Ko.^ine) are readily detected 
with wat(‘r, alkalies or alcohol, the li(piids becoming 
colored in their pi’csence. Heated, “^a change in color takes 
place, fi’om bluish to bro^^^l and eventually to black, if 
still further heated the hiass will burn with bluish flame, 
leaving only a trace of ash; if impure or adulterated 
with such substances as red lead, iron oxides, barytes, 
etc., these will remain as residue. Sodium sulphide will 
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only blacken vermilions wliicli are adulterated with red 
lead or chrome yellows. A mixture of nitric? and hydro- 
chloric acids will dissolve vermilion to a colorless solution 
(of mercuric chloride). 

Eed lead and scarlet antimony sulphide (Antimony Ver 
milion) are principally used as adulterants, some inferior 
♦ brands, also, have the addition of eosine, or some other 
fugitive dN’e-stuff, to brighten their color. 

Antimony Vermilion is a fugitive color, acted upon by 
dilute acids and alkalies, and blackens when gently heated. 

Vermilions were .used from very earliest times; 400' 

• ‘ ^ * 

years B.C. the Egyjitians were known to have employed 
it as a ])igment. The schaschar of Die ancifuit ne])rews 
was vermilion and is said to have been used as early as 
600 years B.C. It is, also, thought to have been known 
to tlie Assyrians and even to the (liinese at a still earlier 
time. Pliny, 77 A.D., refers to it as “minium,” which 
name is now given 'lo red lead. 

VIOLET CARMINE 

The source of color for this semi-ti*ans])arent lake pig- 
ment varies. Some Violet (^armines ar(‘ i)repared from 
the root of the Anchusa Tinctoria, others from P>razil 

wood and some are mixtures of Alizarine i\ladder with 

0 

Cobalt, or some other durable blue. Only the latter 
product would possess sulTicient permanency to be of 
•value to the artist. 


WHITE LEADS 

Cremnitz AVliite, Flake IVhile, L(‘ad White,. 
Silver White, Dnfch White Lead, I>lanc d’ Ar- 
gent, Blanc de Plomb, Bianco di piornbo, B)lanco 
de plerno (albayalde), Bleiweiss, C(*russa Alba, 
CVn*use, Kremser Weiss, Blanco de Ciammitz 

Basic lead 2Pb(H)...Pb(OH)^. . 
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The iiativ#^^ carbonate of lead was known to the ancient 
Romans and Grecians as an'iisse. Theophrastus, Pliny 
antl^ Vitruvius mention its ^preparation from lead and 
vinegar. After tlie fall of the Roman Empire, it was 
prepared first at Venice, later at (A'cms in Austria, then 
in JlolJaiid, England, Germany and France. Today the 
United Stat(‘s is one of the largest producers of White 
Lead. 

Ther(‘ ar(‘ many processes by which Wliite Leads are 
made, Imt great (juantities are still ))roduced ])y the oldest 
metliod, the Dutch Process, in whieh carbon dioxide, 
oxygen (of the air) and water va])or (moisture), react 
on metallic lead in pix‘s(*nce* of acetic acid fumes (vine- 
gar). In this nudhod (which if prop(‘rly conducte'd 
yields an ex(‘ellent ])roduct) these reactions are brought 
about by stacking clay ]>ots, containing dilute ac'ctic acid 
and flat metallic lead buttons, buckles or coils, in tiers 
and covering tliej^n with fermenting tan bark, s])ent tan 
or fermenting dung; which latter during decomposition 
evolve carbon dioxide and considerable heat, tliereby 
evaporating tli(‘ ac(dic aci'l, forming ]cad arriafr (sur/ar 
of lead) on the suid'ace of th(‘ l(‘ad, whicli in turn is (‘on-* 
verted into AVhite Lc^ad by ihe carbon dioxide. The Old 
Dutch j)rocess, when cand'ully and ])roperly carried out, 
yields a \'(‘ry fine j)]‘()duet, moi*e or less ci*vstalline in st riic- 
ture. Great (piantiticxs of White Ijcad are still made ])y 
this ])rocess, even though about bO days are required for 
comi)lete corrosi*on. 

In some of the newer i)ro(‘esses, for instance the qaicJx 
process, heated va])ors <d‘ dilute* a^'(‘tic acid and carlxm 
dir^xide act upon atomized metallic lead, blown with steam 
intp large revolving wooden cylinders; there])y ])roducing 
White Lead of more amor])hous character, less crystalline 
in structure than the Dutch lead. 

In the iiiiljfl process, finely divided metalMc lead powder 
is thoroughly mixed with air and water, forming a basic 
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hydroxide of lead, which is then acted upqn by carbon 
dioxide gas to form White Lead. In this process nu 
acids, alkalies or other chemicals are required. 

Some processes bring about conversion by precipita- 
tion from solutions of basic lead nitrate with carbon 
dioxide. 

There are any number of different processes used in 
the manufacture of White Lead, the various products 
differing somewhat in chemical and physical composition, 
but all are essentially basic carbonates of lead. In this 
connection Creinnitz AVliite differs from Flake AVhite and 
these again from Dutch White L(‘ad. 

A good variety of AVliitelicad should bo composed of 
about 70 per cent, carbonate of lead and dO per cent, lead 
hydroxide. The varying percentage of lead carbonate 
and hydroxide affect the opacity, consistency and dur- 
ability of the pigment. 

Finely ground AVliite Lead should be washed free of 
any uncombined sugar of lead, the pi*esence of which 
will impair tlie stability of the pigment. 

AA^hite Lead is one of the most opaque wliite pigments, 
dicing equaled in this respect only by Permalba, and like 
all pigments containing lead, it is very sensitive toward 
hydrogen sulphide, rapidly liecoming discolored brown 
and black (formation of black lead sulphide). 

As an oil color it becomes somewliat yellowish in color, 
' upon ageing, some varieties also become less opaque 
(formation of lead soaps with the acid constituents of the 
oil). Pure AAliite Lead in oil when ex])osed to the ele- 
ments, becomes chalky after long exposure. These 
changes are esp(‘cially evident with AVhite Lead contain- 
ing sugar of lead or with those higher in lead hydroxide 
content. AAdiite Lead has always been considered a dur- 
able and yiermanent ]>igment when ])ropcrly employed, 
showing the greatest stability when protected by a strong 
oil or v^arnish film, from influences of hydrogen sulphide 
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and other destroying components of impure atmosphere. 
Its solubility^ in sodium chloride soon causes disintegra- 
tion of the j)igment when exposed to sea air. Carbon 
dioxide in the air also gradually attacks White Lead. 

White Lead is seldom used in water color painting, 
and not at all in Fresco or Mineral Painting, as in these 
techniques it is insufficiently protected and discolors very 
readily in consequence. In oil, it is one* of the quickest 
driers, recfuiring only a small amount of oil. Mixtures 
with most organic colors, lakes and certain few chemical 
colors are best avoided as being of questionable dur- 
ability, The sulphide colors, such as the Cadmiums and 
genuine Vermilions in mixture with pure White Lead 
are perfectly durable (discoloration would indicate oim 
of the colors to be impure, presence of free sulphur or 
improperly washed, etc.). Pernialba, is rapidly taking 
the place of White Lead on the artisCs palette, due to 
its desirable physical and chemical properties, greater 
opacity, tinting strength, durability and stability in mix- 
ture with all other pigments. 

Acids decompose White Ijeads with effeverscence, due 
to evolution of carbon dioxide. 

Dilute Nitric or Acetic Acids dissolve White Lead 
entirely with evolution of CO.^ gas, any insoluble residue 
would indicate adulteration with barytes, clay, silica, etc. 
Barytes is ])rincipally used, as it is specifically heavy; 
clay, gypsum, whiting, etc. are also frequently used. 
Water dissolves *gypsum from White Lead, which is then 
readily detected as described under Gypsum (page 62). 
Whitihg is also easily detected by, thoroughly washing 
a sample of the AVhite Lead in question, with water and 
treating the washed pigment with very dilute sulphuric 
acid, thereby converting the AVhite I^ead into insolub1(‘ 
lead sulphate* and any wliiting (('alcium carbonate), if 
present, into calcium sulphate. The filtrate!* js then tested 
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for gypsum (calcium sulphate) as described under gyp- 
sum. ' 

Hydrogen sulphide, or absolution of sodium sulphide, 
decompose White ijead with formation of black lead sul- 
phide. 

» When heated, White Lead loses carbon dioxide and 
water, being slowly converted into lead oxide— PbO, 
known as ///Z/a/r/r, yelh)wish-re<l in color. Massicot is 
also a modification of lead oxide, pale yellov" in color, 
obtained in the same manner. By prolonged heating, 
the h‘a(l oxide thus formed, combiiu's with additional 
oxygeif, forming the bright red oxide, known as )niiiiaw 
— Ph.O^. When heated with carbon, White Lead be- 
comes yellow in color and upon further heating it is con- 
verted into metallic lead. 

White Lead is insoluble in water and any sugar of lead 
(leaf] acetate) if ])reseiit, is brought into solution, the 
detection of which may be made by adding sodium sul- 
phide (formaticn of black lead sulphide in ])re.s(‘nce of 
Ifad in solution) or by sulphuric acid (formation of in- 
soluble white l(‘ad sulphate). 

Hydrochloric acid precipitates insoluble h‘ad chloride 
'from solutions of White Lead, which preci{)itate is solublt' 
in l)oiling water. 

Sodium carl)onate ])recipitates lead carbonate from 
solutions of White lA*ad. 

(duistic soda dissolves White Lead. 

Upon the addition of potassium l)ichromate to e neutral 
solution of AVhite Ijead, a yellow ])reci])itate of insolubh* 
Chrome Yellow (lead eliroaiatc) is formed. ^ 

White Lead which has become discolored, is bleached 
(oxidized) to white lead sulphate, when treated with 
Jnjdrof/en peroxide— 

White Lead is a cumulative poison. 

A cheap substitute for White Lead is sometimes found 
to be basic had c/dorirfc— PbriM.Ub(t)H)^ which is not 
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durable in mixtures. It is readily detected by its solu- 
bility in hot dilute nitric acid, without effervescence. If, 
to such a solution, the addition of a drop of silver nitrate 
forms a white flocciileiit ])recii)itate, this would indicate 
the presence of th(‘ chlorine ion (see page 107). 

Other White Lead i)ignients used principally in hea^A' 
})aint manufacture are Sublimed White Lead— />n.s/c Snl- 
phafr White Lead formed by oxygen (in the air) during 
the roastfiig and subse(]uent volatilization of galena. It 
is a very stable, fine, amorphous i)igmeiit, consid(>red 
non-]>oisonous. 

Zinc Lead White coni])osed of e(iual parts of zinc oxide 
and lead suli)haie is obtained from the reduction, volatili- 
zation and su})se(|uent oxidation of zinc and l(*ad or(‘s con- 
taining sulphur. 

Neutral Lead Sulphate — PbSO+ is ])ut seddom used as a 
})igmenl and should not be confused with the ])asic lead 
sulphate. 

• WHITING 

(hilc-spar, Paris White, (dialk, Marble Dust, 
(lildei's AVhit(‘, S])anish Whit<‘, WhiPuiing, Kng- 
lish White, Plane de Mcuidon, Blanc Mineral 

CalriiDH (Uirhtmaie — ^ 'aP< 1... 

AVhiting is chlelly ])repared from chalk, which occurs 
as a so Ft rock ])riiicipally in Lnglaiid. Some very fine 
de])osits jiiave also been found in the United States. The 
natural#calciuni,carbonate is found in abundant (luantities 
in nature. 

AVbil^ji^K organic formation, consisting of the cal- 
careous i)ai'ls of minute organisms, known as Foranii- 
n^fenu Egg shells, oyster shells, coral, and pearls aie 
other varieties of organic origin. Iceland spai; and calcite 
are pure forms of crystallized calcium carbonate. Marble 
is a distinctly crystalline variety, lime stone a more com- 
pact, less crystallnie variety of calcium carbonate. 
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The preparation of Whiting is a very simple procedure, 
the crude rock is crushed and then finely ground under 
water (kiiowii as the levigatwn process). Water is added 
and after thoroughly agitating, the mass is passed through 
a series of tanks, in which the heav^y particles settle in 
the first tank (yielding Commercial Whiting), the finer 
particles settle ^in the second tank (producing Gilders 
White) and the verv finest sediment, obtained in the 
last tank, yields Paris White. Bolted Gilders Whiting, 
is whiting, which has been bolted! through very fine 
bolting, cloth. 

Whiting has very little opacity in any medium and is 
seldom used as an Artists 'Pigment, being used princi- 
pally as an adulterant, sometimes also as a base for lake 
colors. 

Putty is a mixture of whiting and linse(‘d oil. 

Whiting and gbie size were used for Italian and 
Spanish tempera, painting-grounds, soivetimes with ad- 
dition of plaster of Paris. 

Dratcing chall' and pasfcls are usually pi‘e])a]‘(*d of cal- 
cium oarl)onate, altbo most bJacl'-hoard chall' is (;oni])osod 
bf gypsum. 

Wliiting is unaffected under ordinary atinosjdieric ex- 
posure. Sulphurous gases do not aftVc.t it. In acids, 
Whiting is entirely soluble with strong etfervescence (due 
to evolution of carbon dioxide) to a clear solvlion; any 
insoluble residue would indicate the presence of. impuri- 
ties, such as sand, clay, etc. IVaces of ii*on cause Whit- 
ing to be of cream color. 

If heated too strongly, when being dried, small quan- 
tities of quick-lime -CaO, are formed which give fhe 
Whiting aii alkaline reaction. 

Whiting may, also, be made artifically, by ])recipitation 
from solutions. 
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YELLOW LAKES 

Dutch Pink, Italian Pink, Yellow Madder, Yellow 
Lake, Brown Pink, 8til do (Jrain Brim, Quer- 
citron, Laquo do gaude, Yellow (\armino, Lacca 
gialla, jaune, Laca amarilla 

A series of yellow lakes in which the coloring principle 
is of organic origin, precipitated on a base of Alumina, 
or Whiting, etc,, to form the corresponding lake pigment. 
All of these yellow lakes are not permanent to light and 
are mostly very slow driers in oil. 

The ])rincii)al substances fi'orn whicli the dyes^are ex- 
tracted, ai*e : (Quercitron bark, the bark of several species 
of North Aiiiei'ican oak trec^; P(‘rsiaii, Turkish or Avig- 
non berri(\s; speci(‘s of bucktlu»rii (Rhammes) and from 
other plants such as the weld (dyer's weed), etc. 

The riclier yellow lakes ])ie])ared from a d(‘(‘]> variety 
of Quercitron bark and sometimes also from Turkish or 
Avignon berries are called Italian Pink, Dutch Pink, Stil 
de grain brun and Yellow Madder. * 

Brown Pink is a deep variety of Quercitron lake. 

To make these lakes, the Ix^rries or sections of bark are 
ground into small pieces and the dye extracted by boiling 
in water. The water is thon filtered off and treated with 
a solution of Alum, to which a solution of Soda is added 
to yield a precii)itat(‘ of Alumina, which carries down the 
dye, during precipitation, to form the respective lake 
pigment.* The bases are varied accordingly by manu- 
facturels, to pi’r})are different hues and commercial quali- 
ties. 

Tlfese yellow lake ])igments were known in the time of 
Plinv, A.i). 77. 

The colors are now imitated by using some of the very 
permanent and alkali-proof yellow lakes, whidi are prod- 
ucts of the modern chemical color industry and should 
bo used b\\the artist in preference to these very fugitive 
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older yellow lakes. The newer colors ai*e excellent trails 
parent colors for overglazing and when used, as such are 
very brilliant and pcmianent. 

The organic yellow lakes char to a white ash and are 
decomposed by hydrochloric acid yielding a deep yellow 
solution, any insoluble residue consisting of barytes, clay, 
etc., which was used as the base of the lake pigment. 

* ZINC WHITE 

Zinc Oxides (liinese White, French Zinc, f^lanc 
de Zinc, Snow White, Bianco de Zinco, Blanco de 
, Zinc, Zinkweiss 

Zinc O-Wde-ZnO. 

Zinc had made a place for i*[selt‘ in Furopean art before 
it was recognized as a distinct eleimnd or as a metal, 
it is found to exist as a component in the imi)lements and 
weapons of the Bronze Age. In somewhat later times it 
occurs as an alloy with copper and tin in rings, bracelets 
and other ornaments of ))ersonal adornment which are 
round in ancient* burial mounds of (fermany and Den- 
m(trk. 

The Bomaiis were the first manufacturers of real brass 
—an alloy of Zinc and Copper. While tlu'y did not know 
anything about Zinc as su('h, they had discovered that by 
melting copjxn' with a certain ore — hydro-sili- 

cate of Zinc) a yellow alloy <d‘ more gohhni color than 
Bronze could be obtained (Ihouzv is an alloy of copper 
and tin). 

This yellow metal was first employed for coins 
during the reign of the Roman Fiinperor Augustus about 
20 B.(A 

Zinc as a distinct metal was unknown in early tinujs, 
in fact, as late as the sixteenth century it was not known 
in Europe, but there are strong reasons for believing 
that the (hilnese were acquainted with it as a metal at 
least several centuries earlier. According to s.ome of the 
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early records the Dutch captured a Portugmese ship with 
a cargo of ^inc, in the early part of the seventeenth cen^ 
tury. This was supposed to have come from China, as 
the Chinese were known to possess considerable metal- 
lurgical knowledge. JJowever, not until early in the 
eighteenth century was siiflicient interest manifested in 
the metal to endeavor to produce it from ore. A tracli- 
tion recorded by Berkman, says tha^ an Englishman'’ 
visited China to learn the art of making Zinc. Ife at- 
tained his object, returned with the secret and soon after- 
wards a Zinc plant was erected at Bristol, England, for 
the production of Spdlar, This plant was ercctj‘d in the 
voar 1742. 

• 

Shortly after the establfshment of this Spelter plant 
at Bristol, the Spelter produced was used to coat ifon 
sheets to prevent them from rusting. This was ordinary 
fjalvanized iron. The operator of this process noticed 
that a tine white powder collected about the edgt\s of his 
melted zinc baljj. This proved to be Zinc Oxide, and for 
some time after this, the Zinc Oxide available for testing 
purposes, was collected from the edges of galvanizing 
baths. 

The commercial production of Zinc Oxide as a pigment 
was started in France in the latter part of the eighteenth 
c(Mitnry by [ieelaii* and Sorel. Leclair was a paint 
grinder and master i)ainter. He made some elaborate 
and con('hisive tests with Zinc Oxide as his pigment. 
This ^ave him a whiter and more desirable paint. In- 
vestigations of Leclair’s (daims, by the P"rench Govern- 
ment, led it to specify Zinv Oxide in all Government work. 
LatJr Whit(‘ Lead was prohibited^ above certain ])erceut- 
ages and Zinc Oxide specified in its jdace. 

The Zinc Oxide used by Leclair was mad(‘ by burning 
spelter with an excess amount of air. Hie plant he 
erected and used was stilt in operation up to the breaking 
out ofdlie, wojdd* war. The ])rocess he used is known as 
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the French Pwcess, or indirect process ^ since in its opera- 
tion, spelter or Slab Zinc must be produced fyom the ore 
and then burned in a special furnace to produce the oxide. 

The manufacture of Zinc 'Oxide in America is con- 
nected with some of the early endeavors of the New Jer- 
sey Zinc (Vmipany to solve the ])ro])lem of usin^ success- 
fully the comi)lex refactory and then little known ores, 
*from the famous J^Vankliu mine. 

The Zinc mines at Franklin, N.J., were disco^vered in 
the latter part of the eighteenth century, by a party of 
Swedish miners who were traveling overland from Balti- 
more to .New York. ,The earliest record we have of this 
deposit of ore, however, is 1824, when some of the min- 
erals occurring there were descrilx^d by Messrs. A'anuxem 
and Keating. The first mining that was done at Franklin 
was at the time when the United States Government made 
its standard weights and measures (1838). It is said 
that the’ Government imported workmen from Belgium, 
built a spelter furnace at Washington^^ and made the 
zinc that was necMhul for the In'ass of these standard 
units of weight and measure, from ore from Franklin, 
witli some scattered boulders of zinc ore found in Sparta 
V.alley and from ore from l^erkiomen, Pa. The old pit 
from which this ore was taken was known as the 

Weights and Measures Opening ” and ^yas in existence 
until about 1900, when the mining operations caused its 
disappearance. Beal mining operations did not begin 
at Franklin, however, until about 1850. 

Tn the French Prarcss the zinc or(‘S ai’(‘ smelted, tin* 
zinc being distilled off and collected as molten zinc. The 
m(‘tallic zinc is cast in slags which are again melted In a 
different kind of furnace and the melted zinc upon furthej- 
heating vaporizes. The fumes uiv)n meeting the air, burn 
with a bright greenish-yellow flame to Zinc Oxide, which 
after cooling is blown through large pipes and collected. 
It is then sampled, graded, and packed, ready for use. 



In order to insure uniform products, great technical skill 
is required*in operating this process. 

It is only since the development of Zinc Whites, espe- 
cially in the United States, that the true chemical and 
physical properties of Zinc Oxide liave become recognized, 
with respect to its durability as an artists’ pigmwt. 
The use of Zinc Oxide for artistic purposes only dates** 
back to a])Out the middle of the eighteenth century and 
up to wifliin com|)arafively recent years many foreign and 
some domestic brands were ])rinci})ally responsilde for 
the lack of confidence sometimes placed in pure Zinc 
White. Uven today some l)rands of Zinc White aiV offered 
in a very impure conditi(ni, containing lead and a com- 
paratively high [)ro])ortion of water-soluble salts. Il is 
clearly obvious that such an im])nre])igment would greatly 
reduce the durability of the color, especially when ground 
in oil, and im])air the stability of mixtures with oilier pig- 
ments. 

Tests made !?ith the highest grades of American-made 
French Process Zinc Oxide, have shown the highest sta- 
Jiility in mixtures with otiier durable pigments. This w^as 
not found to b(‘ true of impure Zinc White. 

The American-made French Process Zinc Oxide* are 
usually found to Ix' of tlie most reliable, the various 
brands being carefully kept up to the re(|ulred standard, 
ranking highest in whiteness of color, permanence, fine- 
ness, durability and inei'tness toward other pigments in 
mixtu#es, showing no tendency to chalk, crumble or be- 
come transparent. 

Piire Zinc White is a durable pigment in all painting 
techniques. It possesses exceptional tinting strength and 
produces true tints of high color value. 

As an artists’ color pure Zinc White in oil.grinds to an 
excellent buttery consistency. It dries more slowly than 
Lead ^ hil^- 

Weight’ for weight or volume for volume, Zinc Oxide 
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has greater hiding power than White Lead. Owing to 
its extreme fineness and to the fact, that it requires more 
oil than AVhite Lead, Zinc ().xide paints can be brushed 
out much thinner than Wliite l^ead paints. 

Zinc White, when painted inipasto, tends to become 
havd and scale, but where applied in thin application this 
•property is reduced to a minimum. A mixture of Zinc 
White and Permalba fonns a most durable oil color, the 
hardness of the aged Zinc White film being couiTteracted 
by the more pliable aged l\M*malba oil film. 

Some varieties of impure Zinc White contain basic 
carbonate of zinc, which causes the pigment to lose some 
of its oj)acity. Basic carbouate ot‘ zinc is Occasionally 
used as an overglazing color, Init its use as an ai'tists’ 
pigment is not advisable, where permanency is of first 
impoi’tance. 

Zinc White is insoluble in water, oil, alcohol or turpen 
tine and remains unchanged by exposure to light and air. 
The formation of basic carbonate of zijic trom zinc oxide, 
l)y the carbonic acid gas in the air, is usually over- 
exaggerated, this conversion seklom taking ])lace to any 
ai)})reeiable d<‘gi*(*e, especially with Zinc Wliitc in oil, 
where the ])igment is properly^ protected by a strong oil 
or varnish film from atmospheric kiflinmces. 

Sulphur gas(‘s, iiydrogcui sulphidi* or s^xlium sulpliidf* 
do not discolor Zinc Whit(*, the zinc sulpliid(‘ when foi-im^d 
being as white as the oxide. ' 

Wh(‘n heated, Zinc White turns yellow, but upon ©ooling 
turns white again. Lead AVhih*, when luxated, cha7ig(*s 
to yellow lead oxide. • 

In dilute acids (Nitfic Acid, Ilydi’ochloi'ic Acid, Sul- 
phuric Acid, also in Acetic Acid) Zinc White is solubfo 
without effervescence, yielding colorless solutions. So- 
dium hydroxide or })otassiuin hydroxide will precipitate 
white gelatinous zinc hydroxide from these solutions, 
which is soluble in an excess of the .reagent. 
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Dilute sulphuric acid should comidetcly* dissolve Zinc 
White without effervescence, a property not possessed 
by any other white ])i^ment. Effervescence would indi- 
cate the presence of White Lead, whiting or magnesite. 
Most other adulterants would remain as insoluble residue 
(barytes, clay, silica, (dc.). 'Hie acid solution, when 
treated with an excess of ammonium liydroxide, upon the,, 
addition of ammonium sul})hide shouldndeld a white pre- 
ci])itate#)f zinc sul])hi(le. A discolored pr(‘ci])itate would 
indicate the presence of other metals. 

Zinc AVliile is, also, solul)le in ammonium hydroxide 
a]id alkaline solutions. - . • 

Zinc Oxi4(‘s are classified^ as follows: 

French Process Zinc Oxide— 117/ //c Grern Seal 

and 7?cr/ *S’cn^/-used chiefly for artists’ colors and en- 
amels. 

American Process Zinc Oxide, lead fr(H‘— us^^d chiefly 
for paint and rubber goods. 

U. S. P. Zin^Oxide — used tor idiarnjaceutical prepara 
tions. 

Leaded Zinc Oxides, 5 ])ei- cent, to ‘Jo ])ei' cent, liasic 
lead sulphate, are used chiefly for heavy paints. 

ZINC YELLOW 

Citron Yellow, Zinc dirome, Jaune de zinc, 
Giallo di zinco, Amarillo de zinc, Zinkgelb 

ZiiK' VZ/roa/^/Zc — ZnCrO,. 

Commerciai* Zinc Ycdlows vary considerably in com- 
position, the carefully p:v])ai'ed chemically pure variety 
shoving exceptional permanencejo light and air, while 
the im]mre products lack dependable stability in this 
respect. ^ 

Pure Zinc Yellow is very stalfle in mixtures with other 
durable jiignients, mixtures with lakes and certain organic 
colors* ar 9 ])(*st regarded as of uncertain staliility. It is 
employed only as ail oil and water color. 
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Most dilute* acids readily dissolve Ziuc Yellow. Hy- 
drogen sulphide does not discolor or blacken this pigment 
(contrast with ('hrome Yellow). The same chromic acid 
reaction with alcohol and hy*drochloric acid is obtained 
as with Chrome Yellows, Strontium and Barium Chro- 
mate (see page 187, test for chromate radicle) and no 
ju’ecipitate is foiTued ui)on addition of sulphuric acid to 
the solution. Alkalies in excess readily decompose Zinc 
Yellows, yielding yellow solutions. Zinc Yellow is also 
dissolved by ammonia. Heat destroys this pigment. 

Zinc YelloAv has been used as an artists’ pigment only 
in compava.tively recent years. 
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Color is not a su])stance, l)ut a product of partial or 
selective absorptioii, or transmission of irregular oi 
scattered reflection, or of dis])ersion ^in i'efraction of 
white li^iit. Sunlight, which we recognize as wliite 
light, is a compound of many rays of varying vibrations, 
that is of many colors all blended together so that tlie 
eye distinguishes but one kind. Tf )\owever ihi< ligiit is 
made to fall on a glass ])i*ism, it is bent or refracted and 
the mixture is liroken up.* We obtain instead of the 
white light, which enters tlie prism, an elongated ])and of 
different colors. This dispersion, when of a sunbeam, 
})i‘oduces what is termed the solar spectrum. 

The i)rismatic spectrum is composed of a stories of 
colors, arranged in similar order to those of the rainbow. 
Each color vibration of different wave lengtli, is re- 
fracted to a different degree; thus the rays of 'shorter 
wave lenglli, sucli as thaf of a certain tint of blue meas- 
uring oh(* lifty-flve thousandth of an incli is more re- 
fracted tlian tliat of a certain tint of red having a t\^ave 
lengtli of one thirty-thousandth part of an inch. 

The colors oi the spectrum blend one into the other 
and although wo might name a hundred different colors 
in the s}Tectrum, each a different color sensation abso- 
lutely, %ve cannot liowever accurately distinguish such 
fine divisions with the eyo and ordinarily for convenience, 
divide the si)ectrum into seven regions, as follows; Red, 
O^range, Yellow, Green, Blue, Indigo, and Violet. 

Be.yond the visible s]iectrum at the violet end we have 
another set of rays which are more highly refracted, of 
very small wave length and are known as the ultra- 
violet or chemical rays. 

Beyond the red end, there are also invisible less re- 
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fracted rays of greater wave length, known as tlie dark, 
lieat, or ultra-red rays. 

Upon careful study it was found that the solar spec- 
trum is crossed by a vast number of dark lines, called 
Fraunliofer’s linos after Fraunliofer, who early in the 
nilieteenth century showed that when a solar sj)ectrum 
■ is produced in such a manner that tlie colors arc sharply 
separated, these lines are visible. Through the use of 
the spectroscope, mi instrum(‘nt invented by Bunsen and 
KirchotT, to produce and view the spectrum, it Avas found 
that white liglit from an incandescent solid gives a con- 
tinous s])ectrum. Light however coming from incan- 
descent vaiiors, yields a speotrum consisting' of a series 
of ‘bright lines; for each element the color and position 
of these lines will differ. By analysis of the s])ectrum 
produced by the vapor of a suiistance it is jiossible to 
discover of what element it is composed, such minute 
quanities as l/d,0()0,000 milligram of sodium being de- 
tectable by means of the spectrosco])e. 

Artists tinding that by skillful use of three colored 
pigments, red, yellow and blue, nearly all the hues or 
tones of coloi's can lie obtained, acc(‘pt th(‘S(‘ tiir(‘(‘ (‘oloi*s 
as the ])rimary colors. ^ 

By a primary color we understand a color which can- 
not be ])roduced by the admixture of oHier colors. 

A secoadarif color is one produced liy admixture of 
any two ])rimary colors. 

A terfianj color, or better termed a i ri(i(J, is our which 
is produced by the admixture of any two secondary 
colors. 

The aboA’e terms ai*e exceedingly ar))itrary and con- 
sequeiitly not very scientific, as will be shown lat(*r oh. 
However, at ]>r(‘sent we will only considcu* the ])rimary 
color sensations red, yellow and blue, as ])ertaiiiing to 
the admixture of colored ])igments. ^ 

Any two colors are said to be complementary, to each 
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other, when the i)i*o(]nct of their comihnaiioiis in proper 
proportions produce the sensation of white li^ht on the 
retina of the eye. We can very easily illustrate this by 
the use of MaxwclPs rotating color disc, which is a round 
disc on which two coin])lernenlary colors are jdaced in 
])ro])er pi’o})ortion and ]‘aj)idly revolved about an axis 
through its c{Miter. ^fiie two com})h*m<‘ntary color siui- 
sations will fall in ra])id succession on tlie same jiarts of 
the retina of the eye and will become blended into one, 
which will ap])ear as a gray. This gray must be ac- 
cepted as white, due to the loss of coiisiderabb‘ white 
light in reflection. When using colored beams* of liglit 
the result a nf sensation will* be white. Tn like manner, 
if on a circular cardboard we ]>aint the seven ])rincipal 
spectral colors and rotate the same very ra])idly round 
its centre axis, the result will be the sam(‘ as mentioned 
above when complementary colors wen* taken. 

^rin* study oI'^Ik* coutvasl of color is a very important 
subj(‘ct and I'efenmce should lx* made to any authoritative 
work on color in which this subject is given in detail. 
The tlire(‘ princii^al influences which affect the contrast 
of color, are the difference of par/7//, brightness and hue. 

Two complementary coleus of ecpial ])urity and bright- 
ness wfien placed in juxta])osition gain in brilliancy with- 
out suffering alteratioji in hue. When one of these 
colors is not (xpial in hue, jmrity, brightness or truly 
comjflementary, this difference will be accentuated. Jf 
the two adjacenf colors are of different hue, this differ- 
ence is increased, each a[/pearing to have bi‘en mixed 
with the com])lementary of the other. 

The background upon which the colors are examined, 
if black, gray, white or vxdored, will also c()nsiderably 
influence the resultant contrast. A simi)le instance of 
simultaneous cfoitrast is illustrated by examining a strip 
of color* on* a blatdr, ^gray or wliiti* group/l. On black. 
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the color seems io gain in brightness ; on gray gaining 
less in brightness depending on the relation between the 
gray and the color and on the wliite gi'ound tlie color ap- 
jiears still less liright tlian on ilie gray or idack ground. 
Conversely, if we ])laco a siri]) of gray on a colored 
ground, the grey stri]) appears tinged with tlie comple- 
mentary of the, colored ground. Tims a gray stri)) will 
appear tinged with red when placed on a blue-green 
ground; and will appear tinged with blue-green if placed 
on a red ground. 

Contrast of tone is readily ac(*om} dished by placing 
in contiguity a series of about five or six toned strips of 
e(]ual size, the first stri]) tiiited ])ale gray and each suc- 
ceeding stri]) of deei)er gradation. It will be observed 
that, the side of each stri[) lying against the next darker, 
will a])])ear lighter, due to the contiguity of tlie darker 
tone and the serie;=; of tones resemble a number of hol- 
lows. By substituting tones of any coh>r, this example 
of simultaneous contrast may be (d)served in ]ik(‘ manner, 
as with the series of grays. 

Colors in which red and yellow ])r(‘doininate are some- 
tinu‘s mentioned as ivann, or ad rand no rotors. Those 
in which blue predominate are siioken of as cold or re- 
tiring colors. A gray tinged with yelhjw, orange or red 
is termed a warm gray, when tinged with blue, a cold 
gray. A greini may be said to he warm, if of ycdlowish- 
green hue and cold if bluish-green. 

(^olors given forth by light rays are called transient 
colors, whereas all others, such as dye, chemical, earth 
and mineral colors j)'*oduced by reflection, refraction or 
])artial absorption of light are called inherent colors. 
The inher(*nt colors never ap])roach the transient colors 
in purity. 

The following table wall illustrate the principal color 
sensations : 
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Primary Secondary 

Red 5* (rreeii 11 

Yellow 3 Purple 13 

Blue 8 Orange 8 


Tertiary (Triads) 
Russet 21 
(Itriiie 19 
Olive 24 


Blarh conti'asis more strongly with white than with 
color and accepting white as the unit 1, it has been 
])roven that one part white excites the n(*rve fibrils of 
the retina* of the eye to as great an extent as three parts 
yellow, etc., while the power of the sec'ondai’y and 
tertiary colors will be equal to the sum of the numbers 
of the colors of the admixture. Tne numbers* design 
nated on the «bove table of pidmary, secondary and terti- 
ary colors will illustrate this fully. 

The colors are arranged in the above table so that 
the complementary colors are oi^po^site, for instance; 
green of th(‘ secondary color complements the jij'imary 
coloi* red, while russet of the tertiary complements the 
secondary colof green, etc. • 

Every color has three qualities, called color coriMants; 
(1) hue, or color fouf\ tlie^piality by which, for example, 
bliiish-groen differs from yellow-green, (2) value or lu- 
minosity, by which for instance light green differs from 
dark gteen, and (3) chro^ua, pvrUy or iuieusify, by which, 
for example a pure or spectral green differs from a 
broken or grayisli-green. 

A saturstejl color is one as free from Avhite or black 
as possible. 

Tint is the term ap])lied to the resultant admixture of 
one of the primary, secondary, or tertiary colors with 
wliito. Mixed with black in place wf white, the result is 
called a shafjc. Both may be expressed in terms of light, 
medium and deep, according to the amount of white or 
black present. 

White^ and black, and grays })roduced by their ad- 
mixture are not regavded scientifically as colors. They 
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are used in tlie scale of brighiness. For instance if 
white is added to a color it is said to brighten it. On 
the other hand the addition of black or a gray is said to 
darken it. 

A body when illuminated by a white liglit will appear 
white if there is equal reflection, Jind no partial absorp- 
u tioii, of the .incident rays. 

4\>tal absence of liglit, or eiiiial and total absorption 
of incident rays by a l)ody, represent darkness or black. 

(V)lors of the juiinary, secondary and tertiary group 
are termed posUirc colors, liecause they do not contain 
wdiite on black. 4die tints and shades are classified as 
‘0 eg afire colors. 

.Ibnvever, the ]>hysicist, wdio is concerned scientifically 
with color in reference^ to light, is not satisfied with the 
rcd,'yellow% blue, primary color sensation theory. This 
theory, adapts its(‘lf only practically, as a rule for the 
art of mixijig pigments to produce color effects. 

Two great physicists, Young and Ileh.xiioltz, and other 
j'liysicists found that nearly all color sensations could 
be produced in normal eyes by the use of red, green and 
violet lighfs and their combinations. A c(‘rtain r(‘d, a 
certain gi’een, and a certain violet, were therefore ac- 
cepted by them to lie the three primary color seiU;;ations. 
A later, more comprehensive theory t'lkes red, yellowv 
green, and blue as y)rimary color sensations. 

These theories account for the non-precei)tio.n of color 
in dim light or in very oblicpie vision, by assig’^nng dif- 
ferent capacities to the Rods’’ and the “Fones” re- 
spectiv(dy, of the retina in the (\ve. These rods and 
cones are contained rn one of the layers of the retina. 
The rods, according to this theory, convey only the sensa- 
tion of light without color toMlie brain and are more 
easily stimulated than the cones, which are supj)Osed to 
give the color sensations. 

A certain set of these nerve fibrils of the retina are 



(K)LOll THEORY 


141 


especially sensitive to its own specific color sensation, 
namely that* set particularly acted upon by such of the 
longer light waves as those of red color, are but slightly 
stimulated by the sliorter green waves and still shorter 
violet Avaves. ( \)l(n‘-bliii(l ])ersoiiK an* those in whom 
one or more of the sets of nerve fibrils fail to i'esj)ond b, 
the incident color sensation. . 

Fatigue of the retina is easily caused by looking for 
a short time steadily at a strongly colored object hold 
against a background of gray or white. 

Tlie nerve fibrils of the retina which receive tiie image 
f)f the colored object lose for a short time thc*]^)wer to 
receive the 4X*s|)ective -color of the object, while their 
capability of receiving other color sensation is not im- 
paired. If for instance, we look intently at a bright 
s])ot of r(*d and then glance at a white snrfac< wC will 
note the spot to a]>pear identical in shape on tiu* white 
surface, ho\V(*V(‘r, in the color (‘ompl(*iiU‘ntary to r(‘d, /.c., 
green. After-h.aiges due to impressions made on the 
retina are curious r(‘snlts of looking, for example, at 
some particular spot on a Avindow with a bright sky as 
background and th(‘n closing the eyes. The image will 
appear with the eyes ch>sed, Avith color changes and \vith 
details, that Avere not ob*servcd Avith the eye open. 

Pigments arc only visible by reflected light, each re- 
s])ecfi\ e pigm(*nt obtain iiig its color from flie ray or rays 
of light fjiat are not absorbed and Avhich are reflected 
back frym tin* surface, as also from beneath thi; surface. 
Thus a body wliich absf»rbs the blue, green and yelloAv 
rays^of the s})ectrnm and reflects the red rays, Avill ap- 
pear in that color Avhich Ave call red. We always assume 
tire incident light to ])e Avhite Avheu naming the color of 
any object. A r(‘d object Avhen examined (or instance 
in a yedlow light Avill a])pear cpiite a dull brown^ OAving 
to the small amount of red rays emitted by the yelloAV 
light falling on tin* object, which consequently in turn re- 
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fleets correspondingly few red rays together with a few 
other colored rays, giving the body the observed dull 
brown color. 

A blue pigment, sucli as Prussian Blue and a yellow, 
such as (j}aml)oge, when mixed together in varying pro- 
portions, yield beautiful greens. Bright solar spectra 
beams of blue and yellow when thrown on the same sur- 
face will yield ^\dlite light, not green as we might expect. 
The greens produced by the admixture of these pig- 
ments are due to absorbtions taking place in the blue and 
}ellow ])igments res])ectively. It is the light which es- 
capes nbMori)tion ],y ])oth pigments which gives the re- 
sultant green color. In a mixture of these two pigments 
the particles are situat(‘d so closely together, that only a 
small quantity of mingled yellow and blu(‘ scattered light 
reaches the eye di-recdly, most of the light reflected is 
green, .the Prussian Blue losing nearly everything but 
the gre(‘n of which it |)ossesses a (plant ity, likewise the 
Gamboge. The .remaining light, which hotli pigments 
are therefore* a))le to ri^flect, is green, not as commonly 
thought, due to the mingling of yellow and blue reflected 
light. Blue and yellow ])igmeut c(»lors, whicli r(*fl(*ct un- 
usivdly small amounts of green light, such as Ultra- 
marine, known to be the puiavd bliu* and Cadmium 
Yellow, a very pun* yellow, yield in their admixtures 
very dull greens. 

Most obj(‘cts become visibh^ by giving off lidit, which 
liafi fallen upon them directly or indirectly, from some 
light-giving body ; very few shine, or are'visible, by their 
own light. Colored transpafhnt obj(‘cts generally owe 
their color to the fact, tliat they are not transparent to 
all kinds of light. When a compound light such as sun- 
light sliines through a transparent body, some of the rays 
arc absorbed by the body, thereby being usually changed 
to heat, the reflected and transmitted rays give the 
body its apjairent color. Many transparent' substances 
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have what is termed surface colors. C'eVtain aniline 
dyes and vjarions other substances will have a de- 
cided metallic, or different appearance on their outer 
surface, due to reflection of rays not penetrating into the 
body; however, the transmitted rays are usually of 
strong color. The difference in color of some comf^act 
solids and the same in x>owder form can thus be ex- 
plained. • 

Bodies^ which we cannot see through and that do not 
appear to transmit light are called opaque. Most bodies 
if in sha{)e of a thin layer or sheet, will no longer be 
• opacpie to a strong light. Light penetrates a little dis- 
tance beneath the surface of opaque bodies, where some 
of it is absorbed and reflecfiMl ])y the int(‘rior particles. 
These latter or unabsorbed liglit rays return to the out- 
side, im})arting to the object the color ])y which we jviiow 
it. 

The light reflected from the real ^‘xternal suiTace of 
non-metallic ogjored bodies receiving white light is usu- 
ally not colored. Certain fabrics, such*as silk, illustrate 
this, reflecting white light from their outer surface to- 
gether with considerable colored light reflected from the 
interior. ’ This reflected white light produces what is 
called the ‘^s7^cca.’' On account of the considerTible 
amouift of wliite light, thus reflected, mixed with the re- 
flected color of the fabric, in ])arts, the color of the fabric 
appears very ])ale. 

Dry piifments in a very tine state of ])ulverization re- 
flect consid(‘ral)le white light from their outer "surfaces. 
If we reduce the amount of this reflection by wetting the 
powder with watei’, or with tlie more highly refracting 
oijs, a decided deepening of the color takes place. A 
coarsely ground powder will lie more deeply colored than 
when finely ground. Here the ])articles are large and 
the incident light will have ]K‘netrated much de'eper to 
undergo a.given.nmnber of reflections and more light 
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will be pai’tlally absorbed, the pjreater amount of re- 
flected light making the coarser powder a])^>ear deeper 
in color. 

The chemist lias made ns'e of the ditferent colors im- 
parted to the colorless flame of a l^nnsen burner, when 
ajnotal, or salt of the same, is held in the flame attached 
to a ]flatiimm wire; as a. means of rough detection of 
their presence. "The flame is colored violet by Potas- 
sium; intensely yellow by Sodium; yellowislngreen by 
P)arium; crimson by Strontium; yellow-red by (^alcium; 
green ])y salts of (\)])])er and also Jb)ric Acid. The ever 
adraire((* colorful pyn»technic or fln‘-work disi)lay is ])ro- 
duced by the skillful use and ^election o.f the above 
mentioned colored flame reactions. 

Usually bodies, which give off light of their own, are 
cNcetAliiigly hot in tem}K‘ralure, however, cei’tain ])odies 
posscss,.the ((uality of being luminous, without being hot 
and ai'e said to be him'nicsrvul in this condition. 

Fluorvsvvwvv is a form of luminesceiKM^ '’ Wlnni a body 
gives off light ditUu-cnit in color and not a constituent (»f 
the incident light, without evidencing a change of tem- 
})erature it is said to be fluorescent. The name is de- 
rived fi'om th(‘ mineral fluor s))ar, whi(di mineral and 
other substanc(‘s, such as j)araffiii oil, kerosene, tlm solu- 
tion of Kosine dye in alcohol and other , are highly flu- 
oi’escent. 

Other bodies, without being hot, continue Pn’ a time 
to emit Ifglit after having b(‘en exposed to light.'" These 
bodies are said to be phospliorcscruf ^ the name bcdng de- 
idved from the element ])hosphor, which if the surface* 
is fresh, will glow in ‘the dark, in air. With phosphor, 
howevei*, it is not a case of ])hosj)horesc(*uce, but a 
cluunical l•t*action, that of slow oxidation. 

Many substances such as rubies, some diamonds, sul- 
phides of calcium, strontium and barium, a.iid u large 
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number of iiior^^aiiie su))8tanccs, natural •and artificial, 
absorb rac^iant energy when exposed to the sun, and 
subsecjueiitly emit light rays. 

The common lightning-lmg,, the glow-worm and the 
luminosity of tin* sea at night, due to tlie glow of micro- 
sco])ic living organisms, afford interesting examples of 
luminescence. 
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Chemistry is that science whiclj makes study by analy- 
sis* and synthesis, of the properties and composition of 
^11 forms of nvitter and of the action of substances on each 
other and the chaiif^es in composition, which occur, in 
consequence. 

Through past ages man has observed the material 
changes constantly taking place in nature, the study of 
which lafer eiuibled fiiin to artificially produce, as also to 
control many of these changeei It is oidy, lioVever, dur- 
ing wears, comparatively recent, tliat chemistry has been 
developed to such a degree, that civilization could never 
have readied its ])resent height, but for the manifold ap- 
])licatioir of this science in industry. 

Chemical changes are everywhere taking ])Iace about 
us. AVhen tlie mbtal iron is exposed to damp air, we 
notice a diange to take idace, namely its conversion into 
a red powder, which wo know as rust. Ijikewise, when 
wood burns, being tliereby converted into gaseous sub- 
stanck^s, or fruit juices fermont, th(*re is a diange in 
which each substance has lost its 'original identity* hav- 
ing been changed into entirely new substances. These 
are said to be chcniicaJ changes. 

If we bend a rod of iron, make sawdust of piece of 
wood, or break a pane of glass into smaU fragments we 
have only changed the original *size, sliape or color of 
these materials and we say a physical change has tilken 
place. 

Our mother earth is compose^d of two kinds of sud- 
stances, the* so-called simple substances; elements and 
eompom) d substances. 

Water, for example, is a compound .subst 4 ncc^, as it 
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can be separated into two different substances, both 
gases at onlinary room temperature— 

’'Water Oxygen -f Hy(ln)g(‘n. 

By expoi'imentatioii it will be found that one volume 
Oxygen (or IG parts by weight) and two volumes Hy- 
drogen (oi* 2 parts by \veight) are obtained when wate^ 
is decomposed. Such a sepai'atioii is called an analysis. 

If w(f take two volumes hydrogen and one volume 
oxyg(*n and combine them we will again obtain water. 

Oxygen -f Hydrogen -> Water , 

The comhining of these /-wo elements to obtain water 
is termed synthesis. 

We have been unable to separate eitlier tlie oxygen 
or hydrogen further into oilier substances and these are, 
therefore, called simple substances, or rlenienfs. There 
have been discovered some eiglity-fit e of such elements, 
the most im])oftant of which are listedMUi page 148, 

At ordinary room temfierature some of the elements * 
are in gaseous form, some fluid and others solid. 

Most ‘ solid substances are made fluid by heating 
(melting). Fluids are c<>nv('rt(‘d into a gaseous cimdi- 
tion by heating and sio also reversely, wlien gases are 
cooled they aiv made fluid and fluids become solid 
(freeze) if cooled sufficiently. 

If we itttimat(‘ly mix :V2 gramst sulpliur with 200 grams 
(juicksdver by, briskly rubbing the two substances to- 
gether, we will obtain a black jiowder, Avhich if ])roperly 
heat»ed will yield the red [ligment ^"ermilion and it will 
he found that exactly 222 grams .^f ])igment is obtained. 

Ill this instance 32 grams Sulphur + 200 grams Mercury 
232 grams Vermilion* 

> shoultl always Ik* road as yields or forms, 

-f- s^KJiild always In* road as tvith. 

t St*(* of Woi^lits and Moasuro.s, eafjo 207. 
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If oil tlie other hand we analyse this quantity Vei*- 
milion we mIH olitain from 2o2 of pigment 22 grams 
of sulphur + 200 grams of Mercury. 

We see from these experiments, that Vermilion like 
water is a compound substance. 

The two constituents of Vermilion, namely Morcnr 
and Sulphur after comlnning, were found, io lose theii: 
former identity entirely (color, form' metallic appea- 
rance, etc.) a new compound substance being produced. 
A\(‘ ha^'e here another examp](‘ of r/zcia/rr// rJiatujr^ such 
as also took ])lace when we synthesized water: 

2 grams Hydrogen -f 16 grams Oxvgen 18 gi'arns 
AVater. . ^ 

A'ermilion is a chemical compound of mercury and 
sulphur, water a (*hemical comiiound of hydrogen and 
oxyg(‘n, neither are merely idiysica’l mixtures. 

Never more or less tlian 200 grams mercury .combine 
Avith 22 grams snlfOiur; or 2 gram?< hydrogen with 16 
grams oxygei/r 

The ratio betAveen the Aveights of the hydrogen and . 
oxyg(*n is found to be 1 8. Experience has slu»wn. that 

this relation is unvarying, that every com])ound has a 
definite com}H)sition liy Aveight. Tliis is knoAvn as^Dal- 
tonls, first laAv, the Ian; (^[definite proportions, AVe can 
assign a number to every element, vqnivalcnt or reacting 
ireight, Avhich represents tlie number of parts by Aveiglit, 
Avliich ui'jte with, or replace, one ])art of hydrogen, or its 
equivaVuit. If, as often occurs, an element .has more 
than one reacting Aveight the one Avill ahvays be a multiple 

IiiMhc list of ('Icinonts ojyposilc, tlu* ?x;jrt jitoinic of uxvffvh = 

tills is most commonly used and ;o'ev‘]d<'<l slandord, makiu^r th^ 

.liA di'o^j^im otom coiiseifueufly .sli^lillr greater tlmn 1. 

For convenience in ordimiry fnlculntion, the apjiroximate atomic ui'i^lCs 
may lie used. 

The elements ;ire classified as metals and non metals (metalloids). Tliose 
element.s,^fl^o^^in^: the mo'-t marked jdiysical and chemical characti'ristics of 
non-mctalrt are marked in ^thc aho\c list nith an a.stenisk.* 
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of the other. For example it is found oxygen luiites 
with hydrogen in two projwrtions, in water^it is 8 : I 
and in the other compound 16:1. We would never find 
that in any instance 1 2 parts by weiglit of oxygen would 
combine with 1 part by weight of hydrogen. 

This led John Dalton in 1805 to state his atomic hypoth- 
esis, in whicl^he described all matter as being composed 
of small particles, which he called atoms. These atoms 
attract or hold on to other atoms, do not breftk up or 
subdivide when taking part in chemical reactions, and 
each atom of any one element is identical to all other 
atoms ot* that same element in weight as also in other 
properties, but different in y eight from at«ms of any 
other element. Wheii two or more atoms luiite, as occurs 
in forming a particle of a comj)ound, this group of atoms 
is called a wolccylc* A molecule can ])e defined as the 
smallest •particle of a substance, which retains all pro})er- 
ties of the mass. Fdr exam})le : 

2 at 0 ms hydro -j- 1 atom oxygen -^1 inolcciilc water. 

We have found, that 2 grams Jiydrogen united with 16 
grams oxygen yield 18 grams water. As th(‘ weight of 
the Hydrogen atom is takcm as a unit for (‘omparing the 
weights of atoms of all other el(‘ments, we s(*e, t^at if 
the hydrogen atom is expressed as 1, yiere being two 
atoms of hydrogen in water, these would w(*igh 2x1 or 
2. The one atom oxygen, which combined witH the two 
atoms liydrogim must therefore weigh 8 X 2 or ](i 

The atomic irciyht of an element expresses the number 
of times its atom is as heavy *as an atom of hydrogen. 
The atomic weight of a^i element coincides with one of its 
reacting weights. 

For convenienc(‘ in writing •(‘lunnical formulas, re- 
action of substances, compounds and elements, each ele- 
ment is given a symhot. Usually the first initial letter 
of the name of •the element is capita,lize(l. For mstance 
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hydrogen, is represejited by llie capital letter H, which 
incidcntly, *also, expresses, that one atom of hydrogen, 
or one part hy weight is signified. Thus 0 is read to 
represent ] atom of oxygen, also, IG parts by weight of 
oxygen. In th(^ second column of the list of elements the 
symbol of each element is given. Where two or mftre 
elements have the same initial letter, another letter ip 
added to the initial capital letter, thus C— carbon; Ca— 
calcium ] (M -- cadmium ; ( H - chlorine. The names of the 
elements were Tiot derived scientifically. Some are named 
aftei* countries or lo(*alities, otluM's are of ancient origin, 
some have received their nann^s from peculiar jU'operties 
possessed b^' them, and stil/ others were named by their 
discoverers. The symbols of the elements are inter- 
national, Ix'ing based frequently on their Ijatin, Glreek 
and English Tiames, for instance 

Iron =: ferum ~= Ee 

o 

. Silver ” argentum -- Ag 
I^ead — plumbum ™ Pb 
Mercury — hydnugyrum = Hg 
Carbon carbo -- C 

llio elements more recently discoveivd and, which are 
metals have been given names ending in -ium, those be- 
longing to the non-metals ending in -n or -ne. 

We can now read the formula for Vermilion, which w(‘ 
found to be a compound of mercu]*v and sul])hur, as IfgS. 
We know the atomic weight of mercury to be 1100 and 
that of sulphur'">:l,t}ierefore,lh(‘ combined atomic weights 
of the two atoms after therhave united to foimi one mole- 
cule of Vermilion is 2o’2. This can„now b(‘ })ut in the form 
of an eijuation : 

200 parts by weight Ug-f32 parts by weight sulidiur 

232 parts by weight IJgS (Vermilion), 

18 pqrts by weight Water, 2 parts by weight II, hy- 
drogen, IG parts by weight 0, oxygen. 
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The weight of a molecule of any substance is the sum 
of the weight of its constituent atoms: * 

Suli.linrk* acid, = (^x 1 ) + ;{2 + (4xVi) ^ 

When lliero are more than one atom of tlie same kind 
j3ontained in, a molecule, the number of such atoms is 
then designated 1)y writing this quantity as a subscript 
to the symbol. Thus the formula of water is? usually 
written as H^O and not UOH. 

The number of molecules of any one kind is signified 
by a coefficient, thus three molecules of water are written 
3ILO. 

?>ucli materials as soiv(‘iits (most common of which is 
water) or catalytic agents {catalytic agents are materials, 
which* aid or hasten chemical action but, which, them- 
selves, undergo no permanent change), are not included 
when writing exjuattons. 

Equations can #)rily be correctly written^wlien the com- 
position of each reacting substance and ’tJie resultant 
])roducts are knora. 

In order to more clearly understand and correctly in- 
terpfetate a chemical equation we must more closely 
study th(‘ atoms aii<l the part tfiey.play in r(*a('tions. Any 
element, which combines with, or reph^es, an atom of 
hydrogen, atom for atom, has a valence of one. The 
atoms of some elements combine witli, or rej^lace two 
hydrogen. atoms: it is then said to be divalent. Oxygen 
is an example IL + 0 ILC). Other elements as Alumi- 
nium have a valence of three: A1CI{. Some elonu^nts, 
as sulphur for instance*, have a valence of two in hydrogen 
sulphide, IToS ; in sulphur dioxide, SOo, its valence is fouV, 
and in sulphur trioxide, SO..,, Us valence is six. The 
valencies of the elements are given on page 148, in the 
fourth column opposite each element. 

When Avriting chemical e<piations, only the symbols of 
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the elements are used, these symbols then Represent defi- 
nite quantitks of all substances taking part in the reaction 
and must appear in equal amounts on each side of the 
equation. We must halanre all equations, i.e., 

ZnS + 21101 ZnOlo + il.S 

6^32 - X 3b.5) + (2 

13f) ' + '~34 

170 170 

This e(iiiafion would 1)0 wrong if written: 

ZnR + HCl--^ZnCL + H,S. 

It should ye observed, that equal amounts of Cl and H 
do not appear on (?ach side of the equation, therefore this 
equation cannot be correct. 

Many eiiuations are ravrr.sihle^ ttfat is, certain Condi- 
tions under whicli the reaction takes place will peimit the 
reaction to proceed in either direction, it is then written 
as A -f B ’’3. When any one of thtj substances are 
removed fronrtln* field of action, this prevents the equa- 
tion from becoming reversible. Ordinarily one of the 
substances formed is an insoluble precipitate or is elimi- 
nated as a gas from the reaction, thereby preventing a 
reversible reaidion. 

All (heinieal r« ictions can be rejireseiited by five equa- 
tions : 

1. DIRECT COMBINATION (Synthesis). 

Th(5 substance^i A and B unibal form AB. A 4*B AB. 

i;. DECOMPOSITION (Analysis). 

A compound substanc(* AB is decomposed into its com- 
pcinent sul)stances AB A ,+ B. 

III. SIMPLE REPLACEMENT. 

Th(» compoinid substaiica* AB is readcal upon ])v a 
simple ffiij)stance i\ C lias stronger attractjon for A than 
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has B and in consequence will substitute or replace B in 
the compound AB. 

AB + C-^AC + B. 

IV. DOUBLE REPLACEMENT (Double Decom- 
position). 

Two compound substances AB and CD react with each 
other. In tnis instance A unites with C and B with D. 

AB + CD-^AC + BD. 

Double replacements are common in solutions. 

V. .OXIDATION AND REDUCTION (of little im- 
portance in color chemistry). 

'If the compound substance AB,. is treated with the 
simple substance C, two compound substances ABg + CB 
are produced. 

AB, + 0 AB. + ( ^B RcduriioiK 

t ' \ 

"When adding J) to two compound substances AB. and 
{d3 two compound substances AB, (- CD. ar(‘ ])roducod. 

ABo + CB + 1)-^ AB, + CD - Oxidation, 

Most chemical reactions take place when in water solu- 
tion, altliough the water itself does Jioi react. \Vat(‘r 
solutions of different salts differ greatly in th(*ir power 
to conduct electric current. Solutions are classified, ac- 
cording to tlieir conducting power as circirotytrs and non- 
elcctrohjtes. Electrolytes are more activi‘ cly:unically 
than non-electrolytes. If a solution of hydrochloric acid 
llCl is eloctrolized the hyd.ogen atoms and chlorine 
atoms become dissociated, and receive opposite electrical 
charges, IB and CB. AVhen an atom (or grouj) of atoms) 
carries an electrical charge it Cs called an ion. 

The hydrogen ion carries a positive charge and the 
chlorine ion a negative charge. Hydrogen and the metal- 
lic ions carry positive charges and the ‘non-metadic ions, 
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negative cliarges. The number of charges carried by an 
ion is numerically equal to its valence. 

Thus: 

Hydrochloric acid I1C1-^IH+ Cl", 

Sulphuric acid 11^0,-^ li^+ H^+ (SOJ-, 

AVater 11,0 (Oil)'. 

Atoms and ions should not be confused with each other. 
An ion lifis an electric charge, whereas an atom has not. 
An ion ma}^ also include a grouj) of atoms, in sulphuric 
acid the two atoms of hydrogen are both ions, but the 
radicle SO^ carries two negative charges. A itidicle is 
a group of ejenients winch hold together in chemical re- 
actions, acting as if the group w’ere a single element. 

An arid is a hydrogen compound whose water solution 
contains hydrogtui ions. Every compound in v’hieh hy- 
drogen is contained is not an acid, it is only wiien the 
w’ater solution of the compound gives hydrogeh ions. 
This hydroge’i ion is responsible for tlie characteristic 
sour taste amf turning of blue litmus to red color. A 
strona acid is one in which the molecules are strongly dis- 
sociated into ions in solution. Other acids are termed 
weak acids wiieii their molecules are only slightly dis- 
sociate^d in solution. L^ke the acids, the strength of the 
bases is dependent upon the degree of ionization in solu- 
tion. 

AVater i^ practically undissociated and therefore, does 
not giv(f either acid or basic reaction, 

ir+ (OH) ^^*^utralizafion occurs, 

by the union of the positive IH ion and the negative (OH)* 
icm. 

Like charges repel each other, unlike charges attract 
each other. 

It is \^ry important to closely study the names of sub- 
stances in connection with their reactions,, as these will 
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aid recognition, should explain their composition and the 
relative proportion of their elements. 

When naming a compound substance, the metal con- 
stituent if }>resent, is used adjectively with the other 
component part, to which latter, if tlie compound is com- 
posed of but two elements, t.c., a binary compound, the 
ending -idc'is epydied. Tims zinc oxide, ZnO, copper 
sulphide, CnS. When there ai*e two e()mi)()unds of the 
same elements, as of mercury and chlorine, wh^re in the 
one there is a higher chlorine content, namely IlgCL, 
tlie suffix -ic is given, thus mercuric chloride, HgCla. , 
In the dfher compound of tliese two elements in which 
the chlorine is less the -ic is replaced by -ons, thus mer- 
chrous cliloride, HgCl. 

Sometimes in order to exjmess proportions or ratios 
(»f the* element contained in varying amounts the prefixes 
mon-, di-, tri-, etc., arc used, thus carbon monoxide, CO; 
carbon' dioxide, CO. sul])hur trioxide, SO., carbon tetra- 
chloride, CCI(, etc. 

Many radicles are given s])ecia] nani(‘s ‘wliicli ai'O used 
as if tln‘ grou])s were single elements, thus tln‘ radicle 
(Oil) is termed hydroxyl; (CN) cyanogen; (NH^) am- 
monium. (\unpounds containing tln^se radicles follow 
the rule for the naming of binary compounds; tlius 
NaOH"- sodium hydroxide; K(bV- ])otassium cyanide; 

( NH4 ) Cl -- ammonium chloride. 

Compounds containing three elements are called ter- 
nary compounds. The name of a compound containing 
three or more elements (or radicles) usually ends in 
-TE, as sodium sulphocyanute, Na(CN)S; or if all, three 
of the elements are indicated the name may end in -IDE; 
thus ] potassium borofluoride, KJIF-i. AVhen a tliird ei(*- 
ment of the compound is not*' named it is understood, 
that this third element is oxygen, thus copper sulphate, 
CuSOi, contains copper, sulphur and oxygen. 

The name of acids and salts arc also giVeri various 
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oiidiiigs and })rc‘fixes, thus if tljo acid is a binary com- 
]H)und it follows tlie rule of naming sucli a com})ound, 
1‘eceiviiig the ending -IDE. Thus hydrogen chloride, 
IICI. When in solution, the prefix hydro- and the end- 
ing -IC is given, as Hydrocliloric acid, IJCl. The names 
of the salts of these acids end in -IDE having no prefjy; 
thus sodium cliloride, Nad. 

When an acid contains oxygen, which is not mentioned 
in its luwne, it ends in -IC; thus sulphuric acid, H2SO4 
and when named as a ternary com])ound the ending -ATE 
is used, thus hydrogen sulpliate, lloSOj. The salts of 
these acids luive names (‘uding in -ATE, thus c(;;)|)er sul- 
])hate (’uStb- Salts cTmtaining the sulphate radicle — 
S(), are termed sulphaics, thus co})per sulphair, (hiS(\; 
j)otassium sidphaie K2SO4; etc. 

Acids having a lower oxygen content have the^ suffix 
-OUS, thus sulphurous acid and when named as 

ternary coni]:onnds receive tlie sufii:: -ite, as hydrogen 
sulphite, The salts of these a(;ids end in -ITE, 

as sodium sulphite, Na.SO;;. • 

Thic ])refix per- and the suffix -ic is used to designate 
the highest oxygen ratio in any acid thus Percliloric acid, 
HC'1()4. The salt of this acid kee])s the prefix per- and 
(‘lids ill -ate, thus sodium ])erchlorate, Xa( 1 (),. The a’cids 
with tfie lowest ox>’g(‘n content end in -ous but have the 
prefix hypo- as hypoclilorous acid, HtdO, named as a 
tiuTiary compound the ]>refix hypo- is retained, with tlie 
ending rite, as hydrogen hypochlorite. Salts of those 
acids liavc the •{)r(*fix hypo- and end in -ite as sodium 
hypochlorite. 

From the above it is clearly seen liow very necessary 
awd important is the correct s])olling of chemical names, 
and under no condition should ahhrcviation be made. 

Consideration will now be given to the most im])ortant 
elcunentii and tbeir comjionnds; also taking np coi'tain 
reaetions and ehemical laws, which \vill he found of 
much value and help in studying the pigments. 
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OXYGEN— O 

Oxygen is the most abundant element on the earth, and 
was discovered in 1774 by Jos. Priestly. Free Oxygen 
is a constituent of the air. Air is a mixture, composed 
of about (by volume) 78 ])ercent nitrogen, 21 percent 
oXtVgen, and 1 percent argon, carbon dioxide and traces 
^ of other si^bstances, the amounts varying slightly in 
different localities. Water is composed of oxygen united 
with hydrogen, and in combination with others elements 
oxygen comprises about one-half of the earth’s solid 
crust. It is also an important const itueut of all plant ^ 
and animal bodies. 

Pure oxygen is a colorless gas without tp.ste or odor, 
sHghtly denser than air. Jf cooled sufficiently under 
}>ressure, oxygen condenses to a liquid, as do other gases; 
it cainalso be soliditvid by increasing the pressure and by 
still further lowering the temperature. 

Oxygen combines readily with most all other elements 
to form compounds of these elements, known as oxides. 
When, oxygen unites with other elements, termed oxi- 
dation, this is accompanied by an increase in tempera- 
ture. 

When we breathe, the oxygen of the air causes oxi- 
(latnui to take place within our body, thereby giving the 
body its temperature; likewise a simih},r oxidation takes 
j)lace through the decomposition of organic substances, 
such as plant and animal matter. At ordinary tempera- 
tures oxygen does not readily react with most elements, 
but with the increase of temperature its action liecomes 
more rapid, accompanied ^usually by light and . heat. 
Wh(‘n the reaction ])iv:>duces sufficient heat to cause glow- 
ing, the temperature at which the substance takes 
said to be its 'kindling femperefure. Ordinary burning 
is therefore an oxidation accompanied by noticeable 
light and heat. We find, that oxygen is required when 
most substances burn, and it is therefore said,* that this 
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gas supports combustion. When the heaf produced by 
slow oxidation can not escape and accumulates, thereby 
rapidly raising tlie tcmjieraturc to kindling, spontaneous 
combustion takes place. 

Many elements combine with oxygen in various pro- 
portions, thus carbon (C) unites to form CO and CQ: ; 
iron, Fe,->FeO, and suljiliur, S, and 

etc. 

According to the miinber of atoms of oxygen in the 
molecule, these various oxides are called : 


Monoxide . . . . .(H) carlwni monoxidy. 

Dioxide carbon dloxido 

Trioxidtf CrO.^ clirominm /r/oxide 

Tetrachloride COI4 carbon /c/r^fchloride 

Pentoxide P2O5 ])hosfdiorous /^ca^oxide 

• • 

Compounds with lower oxygen content, receive the 
ending -ous, thus fcuu'ous oxide, FeO; and those of higher 


content (uid in -ic, ferric oxide, FeJ):^. , 

Most of tin- oxides are solid substances 'at ordinary 
temperatures, as the oxides of the metals; others arc 
fluid, as water; while still others are in gaseous condition, 
as the oxid(‘s of carbon CO and CO., sulphur dioxide, 
SOo, etc. 

When we burn such materials as wood, coal, oils, etc., 
W(* have but little ash remaining. These organic sub- 
stances, vdiicdi aiH‘ mostly compounds of carbon, oxygen 
and hycV'ogeii yield, upon combustion, oxides in gaseous 
form, ((T). anddl.O in vapor form). The ash is mostly 
com]K)sed of uncombust ilde mineral substances. 

Ozone is a very active form of o'*ygen. 

NITROGEN— N. 

Nitrogen! is a colorless, tasteless and odorless gas, 
slightly .lighter than aii*, of which it is the cliief con- 
stituent?. When cooled to a low temperature under pres- 
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sure, nitrogen/ becomes fluid and then solid at still lower 
temperature, under increased pressure. Nferogen does 
not unite directly witli but very few elements and at ordi- 
nary 1em])oralure is indifferent towards almost all sub- 
stances. 

I^itrogen was recognized by Antoine Ijavoisior to be 
an element,, during the latter ])art of the eighteenth 
century (1772). 

The two comiKunids of nitrogen, ammonia, NIL^ and 
nitric acid, UNO;., and their sev eral related compounds, 
will be taken u}) later. 

Nitrogom foimis five oxides, the tliree most imiiortant 


of which ai*e 

b Nitrous Oxide Nj,() 

Nitric Oxide NO 

Nitrogen Peroxhh* NO^ 


Nitrous oxide N^O is used as an anesthetic, known as 
Jaufflmuf (/(fs. 

Tlie other< oxi(l(‘S of nitrogen ai‘(* uuiinf;ortaut. 


Nitrous Anyliydride NyO;^ 

Nitric Anhydi’ide N.Os 


WATER-, -H,0. 

AVater is one of the most alAindaiit comi>ouiKl sub- 
stanc(‘s found on tlie eai'th, th(‘ surl^ice of wliich is 
covered over tliree- fourths by the ocean and everywhere 
we find wat(‘r one of the most (‘sseiitial mrOssities to 
plant and animal life. 

AATiter fi‘eez(‘s at O solidities to ice; eva])orates at 

r* 

all tem])eratures, ])oils at IdOO^ and if heat is still fur- 
ther a])])lied the wafer is converted into steam. The 
unit of measurement for lieat is called a raJorie.f 

* The CVriti^rado iiioasurenieTit of temperature (h'prees is used through 
out this lionk, except \\here otherwise desig’uated. (Sec pcaj^e 20!) for tabli 
of conversion of Ceiitij^rade (“<’) to I'^ahreiiheit (“F) dcjjTces.) 

fA caloric is tlie amount of heat required to 'raise the tcmperaluri 
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Natural waters are uot chemically jaire water, as 
these cout&i many (li8solve<] substances. Hard water 
is natural water containing large amounts of dissolved 
substances, soft wafer has very little foreign matter in 
solution. When water is converted into steam, these 
substances which were in solution remain as solid ]*esi- 
due. The well known boiler scale is an example of such 
residue. 

In oitler to ol)taiii ])ure water we distill tlie natural 
waters. The distillation of water is vei*y easily accom- 
])lished, the water is boiled and the steam then led through 
a cooled tube in whicli it condenses and drops into the 
receiving tkisk as ])ure water. The solhls and li(piids 
which were in soluton in the water and which liad Jiigher 
boiling points than tlie water remaiii behind. Substances 
having lower ])oiling points than ^^ater are distilled off 
before the wat(n\ For exami)le in a mixture of alcohol 
and water, the alcohol would entirely distill off and then 
Avith an incr^‘lse of temperature the \fatei; would distill 
over. We will see later how this distillation plays an 
important ]>art in the fi'actional distillation of crude 
])etroleiim oils, etc. 

Whenever )ra1vr is mentioned in this ])ook it is lyider- 
stood^ that only pure distilled water is meant. Distilled 
water does im' leave any residue after evaporation. 
Hain water is natural distilled water, but contains im- 
])urities rollected from the dust in the atmosphere. 

MaiiV substances absorb moisture from the air and 
are said, therefore, to be Infgroscopic. Such materials 
as (^dcium chlorid(‘, caustic ))otash, lim(‘, sul])huric acid 
are very hygroscoi)ic and are used often to dry gases or 
• air, for certain jnirposes. 

of Olio pram of water one depree at C. The British Thermal Unit 
(B. T. r.) is th(^ eorres]>on(liiip unit of the Knplish sNstgn, tlie heat 
re(iuire(l Jo raise the temperature of a jKHind of \\ater one depree Fahren- 
heit. 
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Water combines with many compound substances caus- 
ing a rearrangement of the atoms. • 

Many oxides unite directly with water and form the 
so-called hydroxides, also called hydrates. 

CaO + ir/) (MOH), 

Calciiini Oxido Water OaJcium Hydroxide 

Na.O’ -f HjO 2NaOH 

Sodium Oxido Water Sodium Hydroxide 

• 

The oxides Avhich with water, form bases are called 
basic oxides. Not all the hydroxides of elements are 
formed by#the action of their oxides in water, luit can be 
prepared in other ways. There exist oxides and hydrox- 
ides.of most all elements. * 

Many oxides unite with water yielding solutions, which 
have ckaraet eristic pVoperties in common with acids. 
These oxides are called acidic oxides or anhydrides of 
the respective add Wiey form, thus 

Sulphur tri/)xidt‘, SO.. (anhy<lride) b.S() 4 . 

• (SiiT[>lmri(' Arid) 

Nitrogen peutoxide, NstK, (anhydride) + 2HN();: 

(Nitric Acid) 

Plio^pliorous pciitoxido P-O,, ^(aiiliydrido) +311^0 -» 

(l’hospl)oric Acid) 

The elements, whose oxides give bases, are called met- 
allic elements, those wIkksc oxid(‘s give acids aye called 
n 0 n - m eta 1 lie el e m (m t s. 

Other well-known acids are: 


Acetic Acid l^CoH^Oo) present iu vinegar,* 

Tartaric Acid . . . .ll 2 (C 4 ]l 4 ()o) acidity of wine. 
Citric Acid Il 3 (C^Hr, 07 ) found in the juices 


of lemons, oranges, limes, and several other 
Icinds of fruits. 

Acids are substances containing hydrogen, whk*li may 
be re])laced bv metals and whose water solutions have a 
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sour taste and turn litmus red. Litmus is a blue organic 
dyestuff, A^iich is used to test for acidity. Paper dyed 
blue with litmus is changed to red in contact with acids ; 
this red litmus paper is then turned blue when in con- 
tact with bases. 

Substances, whose liydrogen cannot be replaced bv 
metals are not classified as acids. • , 

If a i)iece of metallic zinc is ])laced in a dilute acid 
(a dilute acid is a weakened water soluton of an acid) 
hydrogen is evolved and the zinc is brought into solution. 
This reaction continues until hydrogen is no longer 
ev^olved, the sour taste ami the acid reactioi>»on litmus 
are no longer evident. The acid is tlien said to have 
])ecome ncuiralized. If this neutral solution is flien 
evaporated, a residue is obtained, whicli is termed the 
salt of the metal, A salt can tliVrefore be defined as 
a. metal combined with an acid radicle (the molecule 
remaining after the hydrogen has ‘'been remo\\*d, thus 
SO, is the “cid radicle of sul])huric acid^H.SO^), 

Metal -V acid salt of metal + hydrogen. 

Zn + ll.Sf), ZnSO, + TL. 

Zinc Suli»huric Acid Zinc Suljjhaic Hydrogen 

The salt is usually fLund dissolved in water, ^ with 
which the acid was diluted and receives its name from 
the acid and imVal from which it was formed. 

Tims: 

Zinc suljfiiate — ZnSO^ 

Silver nitrate — AgNO;. 

Lead acet \te, etc. 

This transposition of the metaA with the acid radicle 
. is not always possible by direct combination, of the acid 
with the metal, as certain acids do not react with every 
metal. This exchange can then be made to take ])lace 
indirectly. 

Salts*aTi*e solid substances; a number of which are sob 
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uble in water, out of wliich solution they crystallize, upon 
evaporation of tlie water. Many salts in crystallizinsf 
from water solution unite with a delinitc quantity of 
water, called water of rrysiaUizafioH, wliich ^i^ives shape 
to the crystal formed. Such salts are often called hy- 
drates. Copper sulphate (blue vitriol) contains water 
crystallizii<;ion. When heated the water of crystal- 
lization is driven off, changin^i^ the blue crystals into a 
wdiite powder, called anhydrous coiiper sul])lfate. A 
similar salt is washing soda, which if ex]R)sed in dry air 
will lose its water of crystallization, •becoming covered 
with a tint^ white ]V)wder. Such^substances are called 
efftoresreut which wJien e>g(ios(‘d to air, .lose their 
water of crystallization. Other substances, as we have 
seen (page 161) absoj'b moisture from the air and are 
said to be hyyrnscopir. If they absoi’b sutlicient moist- 
ure fronj the air to c;ause tiunn to become wet or dissolve, 
they are said to be dcVKiucsceiif and ar(‘, in conse(|uence, 
often employed as drying agents, for iust^fince to keep 
the air or gases fr(‘e from inojstuia' in certain instru- 
ments of precision. 

All non-metallic elements form acids. The most iin- 
j)()rtf?nt ar(‘: 

Sul])huric Acid — 1 f.St ),, 

Nitric Acid-1 iN(C, 

Hydrochloric Acid -I ICl, 

( 'arbonic Acid — J I A A ).., 

Phos])horic Acid — ll.JM ),,• 

Arsenic Acid »^ll..As( 

Boric Acid— .IbJ>0... 


Acids of the other non-meudlic elements (Silicon, 
Boron, etc.) and some of the acids of the metallic ele- 
ments will be taken up later. 

SULPHURIC ACID— H,SO„ is a h(‘Hvy, oily,^ color- 
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less and odorless liquid, which boils at 338°. The ordi- 
nary commercial sulphuric acid, called oil of vitriol is 
nearly twice -as heavy as water. Sulphuric acid, espe- 
cially when concentrated, absorbs moisture from the air, 
and is in conse(juence of this dehydrating property, fre- 
(luently made, use of in drying!: j^ases, etc. 

Many organic substances, such as the skin^ wood, ])a[)eifl^ 
sugar, etc. which contain carbon hydrogen and oxygen, 
arc cliafred by this acid. The hydrogen and oxygen are 
removed as water usually leaving a residue con- 

sisting chiefly of carbon. 

When diluted with water considerable heat Is evolved. 
It ?,s*, thcKfi ore, vecesisarif diluinuf an acid to^al- 
ivaj/s poar the arid slo}rlif info the }caie}\ n'ifJi rov.^lant 
sfirrinr/^ otherwise if the operatifUi he. reversed the sud- 
den ffenerafion of sufficient heat to cause steam and spat- 
tering irill ocenr. 

Ihhite sulphuric acid is less energetic than the concen- 
trated and siy)uld always be emidoyed in the laboratory 
for ordinary reactions, ^Ixdng safe to handle. This is 
lik(‘wise true of nitric acid and hydrochloric acid. 

With metals, sul]»huric acid forms the corresponding 
metallic sulpliates, th(‘ mo^t common of wliich are soluble, 
excel**! four viz.: tlio’ sulpliates of barium, strontium, 
calcium, iind l(‘ad. These four insoluble sulidiate salts 
are all im})ortant constituents of color pigments. The 
iijsolulylAy of barium sulphate is made use of in the de- 
tection of the sulphate ion - SO\ . A solution of barium 
tdiloride wlien add(‘d to a sc.bdion of any soluble sulphate 
salt* will preci])itate bariuiit sulvhate as an insoluble 
^Ahite pr(‘ci])itate, easily identilied by its white color, in- 
solubility in Avater, dilivte acids and alkalies. 

Zn^*80 + Ba^ACl )o ^ BaSO, + Zii'^Cl ).. 

Zinc Sivliilinto Eririnin ('hlorhlc l^ariuin SulphaC' Zinc ('hloridc 
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Sulphuric acid acts as a typical acid with metallic 
oxides aud bases, forming water and sulphales : 

ZnO + H2SO4 + ZnSOi, 

2 NaOH + II2SO4 ^ 2H2O + Na^SO^. 

Sulphuric acid is emidoyed in preparing many acids 
from their siiits, thus : 

2NaNO, -}- II.SOj Na^SO, + 211N()..^ 

Sodium Mitnite Nitric At-id 

T]ie boiling point of sulphuric acichbeing higher than 
most common acids^, permits the nitric acid formed in 
this instance, to be distilled off. 

KITRIC ACID — HNO;,, known to the alchemists as 
aqua foriis is a colorless lupiid at ordinary tem])erature, 
boiling-point 86° aiitKis a verif strong acid, iliat is when 
dissolved in water it becomes highly dissociated into ions. 
CommeiVial nitric* Ach\ slowly decomposes, the solution 
becoming yellow *111 color. Nitric acid fumes wlien ex- 
» posed k) air and has a characteristic piercing odor and 
even in concentrated form is exceedingly active. The 
skin, wool and wood are colored yellow l)y this acid, de- 
composing these organic substances. 

Nitric acid reacts with mos! metals forming the cor- 
responding metallic nitrate salt. Durijig this reaction 
poisonous brown fumes of nitrogen oxides arc evolved. 
Nitric acid is also a powerful oxidizing ageyt. It is 
used extensively in the manufacture of dyes. With or- 
ganic bases it forms unstable salts and filids wide appli- 
cation industrially. Celluloid is a mixture of lytro- 
cellulose and camphon 

Certain nitrogen compounds containing carbon, oxy-. 
gen and hydrogen are exceedkigly unstable, forming 
gaseous products when subjected to even a slight shock. 
Explosives such as nitroglycerine, gun cotton an^ dyna- 
mite are examples of such unstable nitr(5gen f?alts. 
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Ordinary saltpeter is potassium iiitrafe. Chile salt- 
peter is found in large quantities in Chile and is prin- 
cipally sodium nitrate, from which nitric acid is made. 
Calcivm nitrate is a principal constituent of plant ferti- 
lizers. 

Hydrochloric acid is oxidized ])y nitric acid, during 
wliich reaction nascent chlorine is liberated.^ Aqua regw 
is a mixture of nitric acid and hydrochloric acid. It is 
used to dissolve gold and platinum. 

Hydrogen Chloride — IICl, is a colorless gas, with a 
sharp penetrating pdor, exceedingly soluble in water, the 
water solution of which gas is commonly knov^n as Hy- 
drochloric acid or wntuitic add. The high solubility of 
hydrogen chloride gas is evidenced when the moist bre^ath 
is blown over the acid, the condensed particles of mois- 
ture ajipearing as a white mist or .fume. Concentrated 
hydrochloric acid when exposed to air, fumes for this 
reason. 

Hydrogen chloride gas when dry, dpes not show the 
characteristic, acid properties so marked In the water 
solution of this gas. 

Hydrochloric acid does not react with the five metals, 
mercury, silver, c<)p])er, gold, and ])latinum, but with 
most other metals it react^ readily, forming the respect- 
ive metallic chloride salts. 

Zn + 2HCI - ZnCl, + IT,. 

Zinc llytlrocliloric At‘i<l Zirc Ohlorido 

All tlie commoi’i chloride salts are soluble in wj*ter, there 
being three ])i'incipal ex('ep‘ions, namely silver chloride, 
lead chloride and mercurous chloride. 

. The test for the chloride ion Cl~ is ])ased upon the in- 
soliiblity of silver chloride. If to a solution of any 
soluble chloride, we add a solution of silver nitrate, a 
white curdy preci})itate is formed, which darkens in the 
light aih) xv'hiclp.owing to its insolubility in dilute nitric 
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acid, is readiW distinguished from any other precipitate, 
which may form. This test, together with litmus paper, 
serves as a detection for hydrochloric-acid. 

Hydrocliloric acid is extelisively used in the prepara- 
tion of chlorine from which bleaching powder is manu- 
factured. 

CHLORINE— Cl. is a typical non-metallic element, in 
gaseous condition at ordinary temperatures, partly sol- 
uble in water, of greenisli-yellow color with an vitensely 
disagreeable odor, exceedingly poisonons, readily attack- 
ing the membrane of the nose and lupgs. 

Chloripp is used ])rincipally for bleaching and disin- 
fecting. Chloride hf lime (bleaching powder) is a well 
knewn disinfectant and l)lea«bing agent, its action being 
due to tlie liberation of cblorinc, occuring upon exposure 
to air,, or when treated with any common acid. Chlorine 
does not directly blcacli dyes or kill niicroscoi)ic oi’gan- 
isnis, but by setting oxygen free, the nasc(Uit oxygen be- 
comes the active jirinciple. 

Sodium chtoride — NaCl, common salt, is the most abun- 
dant compound of chlorine in nature. 

As a grouj) dilorine. Iodine, Bromine and Fluorine, 
represent an interesting study. They are known as the 
halo}/ens (salt formers) as tlie>* unite directlv with a large 
numl)er of tlie metallic (*lements to form salts. ‘Their 
chemical proi)erties vary in ])roportion to their atomic 
weights and classed together, repr(*sent a ])(n’fect chemi- 
cal group. 

BROMINE — Br, is a dark brownisli-red liquid, about 
three times as dense as water, with a pungent odor re- 
sembling chlorine. B.vomine unit(*s directly witli a num- 
ber of elements to form tlie resj)ective bromides. It is 
of little importance in the manufacture of color pig- 
ments, being sometimes used as an oxidizing agent in 
making certain dyes. 

IODINE — I, is a steel gray solid, only v^sry.^^lightly 
soluble in water. r(‘adilv soluble in a water solutiou of 
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potassium iodide, alcohol, chloroform and carbon disul- 
phide. Tincture of iodine is an alcoholic solution of 
iodine. Iodine vaporizfes slowly at ordinary tempera- 
lures and wfieii heated, this takes place more rapidly. 
If the vapor of iodine thus formed, is cooled, tlie solid 
element is again obtained. When solid substances can 
be distilled in this manner they are said to ho sublimed 

Iodine combines dii'ectly with many elemeitls forming 
iodides.^ Starch is colored blue in presence of iodine, 
this reaction is made use of in testing for either starch 
or iodine. 

f 

FLUORINE— F, is the most active element l^nown, re- 
acting with ]>ra(‘tically all substances. Fluorine, at ordi- 
nary tem])(*ratui‘es, is a g;\s, almost without color and 
mucli more ]>oisonoiis than clilorine. 

Calcium fluoride, fluor spat% ( ViF^, is used in the manu- 
facture of opalescent glass. When fluor spar is treated 
with sulidiuric acid, hgdrofluoric arid — HF, is, formed. 

VixV, + H,K()4 -> CaRO^ d- 2HF 

Tins must be prepared ii; a lead, platinum, or wax dish. 
The water soluton of hydrogen fluoride, hydrofluoric 
odd, is used for etching glass. Sodium and ammonium 
fluoride solutions are als,) used for glass etching. • ITy- 
drogCn fluoride gas will etch glass to a dull finish, the 
water solution ^>ill leave the etched surface glossy. 

Hydrogen fluoride is extremely poisonous and danger- 
ous to hlindle, causing painful wounds which heal very 
slowly. A deep breath of the gas may cause Tieath. 

CARBON— C, a non-rue ^allic element, which forms 
numberless compounds with iiydrogen, called hydrocar- 
I^ons. rom])ounds of carbon with hydrogen and oxygen, 
'nitrogen, chlorine, sulphur and other elements arc made 
of special study in the branch of chemistry, called organ- 
ic chemistry. 

OarlTon is p(U’hai>s in many res])ects, the most im 
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portant elem'erit. Both plant and animal organisms con- 
tain carbon in the tissues in the form of an organic com- 
pound. Fat is composed of carbon, hydrogen and oxy- 
gen. The muscular tissues ‘of animals is composed of a 
class of substances, called proteins containing carbon, 
hydrogen, oxygen, nitrogen with a small amount of other 
elements. 

Carbon is iound also uncombined, in three allotropical 
forms, as coal, graphite and diamomh None of these 
forms react with either acids or bases. In nature, com- 
pounds of carbofi are very abundant as the carbonates 
of certain metals and also in the air as carbon dioxide, 


CO.. 

CARBONIC ACID— HXO,— is a weak acid, ex- 
tremely unstable, breaking up into carbon dioxide CO^> 
and water ILO. 


HXO, ^ 11,0 + CO,. 


Being a weak avid, carbonic acid is readily set free from 
its compounds by most other acids : 

CaCO, + 21IC1 CaCl, -f (H,0+C0,). 

ralcium rarlioiiate (^ilcium Chloride Carbon dioxide 


Carbon dioxide — CO, is readily prepared by treating 
a carbonate with an acid. Ordinarily calcium carbQuate, 
tlie chief constituent of Umcstonc^ marhJv, whliiug and 
chalk is used, it l^eing inexpensive and very abundant. 
Most of tlie carbonates are practically insoluble in 
water. Idie most common soluble caihonates beii.g those 
(.f sodium, potassium and ammonia. 

Carbon dioxide is also pr aluced in nature by tlie de- 
cay of jilant and animal matter, the oxidation going on 
in animals and plants and during the combustion of all 
ordinary fuels, which consist chiefly of carbon. The 
carbon upon burning, combines with the oxygen of the 
air, forming carbon dioxide: 

C + 0, CO,. 
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Carbon dioxide is therefore ahYays present in the air. 
Some natufal waters contain considerable of this gas in 
solution, and.unless kept in tightly sealed containers .the 
gas is driven off, the water becoming effervescent. 

Carbon dioxide* is a colorless gas Avith little taste or 
odor and is about one and a half times as dense as, air. 
This latter property and the fact that it do^s not support 
combustion is made use of in extinguLsliiiig fires. At 
ordinar^r lemperatures carbon dioxide is readily liqui- 
fied by pressure. ’ , 

Being a produci of compleie oxidation of carbon, car- 
bon dioxide is inert t^vards most other subskRiices. 

Cai’bon dioxide— (H)„, is n<d poisonous ^ as is the mon- 
oxide of carbon — (H). 

Carbon monoxide — CO» is an odorless, colorless gas, 
slightly lighter tlian air and almftst insoluble ip water. 
It is j)roduced by the incomplete combustion of carbon, 

‘ -f (),- 2 CO. 

The reduerton (»f carbon dioxide: 

CO, + C 2CO. 

and by the reaction of steam and red-hot coal 
V -I- if./) }], f- CO. 

The last metliod is used commercially in the manu- 
facture of water pas of Avhich carbon monoxide is an im- 
])oriani constituent. 

PHOSPHORUS — P, is r-ontained in the bones and 
teeth of animals, as calcium ]»hosphate. It exists in 
Iavo allotropic forms, the whire and the red. Phosphorus 
burns in di’y air to phosphorus pentoxide-“P,Oj.— pro- 
ducing dense Avhite fumes. 

Phosphoric oxide — PoOr, combines energetically Avith 
water io form phosphoric acid, II3PO4. 

ARSENIC — As, is a steel gray, crystaUine solid sub- 
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stance mth metallic lustre, volatizing with a garlic-like 
odor. The two oxides of arsenic form acids like all 
arsenic compounds, are vcri/ poisonous. 

Arsenous oxide — AsoO,, ivhite arsenic^ is a crystalline 
l)owder, slightly soluble in water, ii? which it forms 
arsenous acid— H.-jAsQ.-t 

As.Oa. ’ + 3H2O' 2 II,AsO., 

Arsoiiic trioxido ArHt*nous Acid 

(Arsenous oxide) ^ 

Green coi)per salts of arsenous acid are used as color 
pigments. 

Arsenic pentoxide-*— As.O-, is an anior]>lK)us ])()wder, the 
wat,or solution of which forms arsenic acid — E^AsO^ 

AsA + 3H2O 2II3ASO4. 

Sulphides of arsenic, As^So (rcahfar) and As^Sy (orpl- 
meuf) are us(‘d as color })igments. 
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Th(i mHallir elmimts liavft one prominent j)ropc*rty mi 
eommon, in lliui iliey re]>la(*e llie hydrogen of acids, forni 
ing salts. Jn otlier properties they dlfit’er^considerabl,'. . 

SODJUM— Na— and POTASSIUM->K. These two 
metals resemble each other very closely, both chemically 
and physically. They are l)oth very sdfl, of silver white 
color and of very light s[)ecific gravity, being only slightly 
less dense than water.* The metallic lustre of*fhese met- 
als rai)idly» becomes dull oji exposure to air (formation 
of th(‘ hydroxide). Sodium and its compounds when 
placed in a colorless flame (Biin*sen Imrner) impart a 
\'(U’y strong yellow color to the flame. Jh)tassiiim colors 
the flame reddish violet. 

AVhen a ])iece of thes(‘ metals is thrown on water, it 
decompos(‘s Uit* water, thereby libei'atiiig hydrogen and 
forming .sodiutn luidroxulc^ which remains in solution: 

L>Xa + 2U,0 ^ 2Na0n + II,. 

Potassium is slightly more active chemically than 
sodium: 

2K + 2UJ) '2Kim + n,. 

• 

The hydroxides of sodium and potassium (tiqda lye and 
potash lye) are typical bases. They turn red litmus 
papiJi* blue. Substances asserting this property are said 
to have an alkaline reaction. 

, • Solutions of the strong bases {caustic alkalies) sodium 
hydroxide (caustic soda or soda lye) NaOll, potassium 
hydroxide (caustic potash or potash lye) KOH and am- 
monium hydroxide Nli^OIl form hydroxides of most 
metals, •from flieir compounds. Most jiydroxides are 
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practically insoluble in water and are obtained as pre- 
cipitates from solutions : • 

ZnSO, -f 2KOH K^SP^ + ‘Zn(OH),. 

Zinc Sulphate Potaasiiim Precipitate of 

in solution Sulphate . xinc hydroxide 

in solution 

Tnis is an instance of double replacement, the reaction 
6f the base resembling that, which takes place when sul- 
phuric acid liberates weaker acids from their salts : 

2KC1 .-f ILSO, K,SO, + 2nCL 

If a solution of sodium hydroxide and hydrochloric ‘ 
acid contain amonn(s of each, e([nivalent to their molec- 
ular weights, tlien this solution will not sliow either an 
acid' or alkaline reaction. Blue or red litmus paper will 
not change color whep immersed in tliis solution. The 
acid and liase have lost their characteristic property and 
form a solution, which we call neutral: 

HCl -f . NaOH->lM;) + NaCl. 

, Hydochloyic acid Sodium Sodium 

hydroxide chloride 

Tlie hydroxide of a metal, or of a metallic radicle, is 
called a base and is not always solulde in water. How- 
ever,* water solutions of bases give alkaline reaction. 

The sodium chloride formed in the iibove e(iuatioii did 
not show either an acid or alkaline vf action when in 
solution. Its solution therefore is termed neutral. In 
this reaction we employed a strung arid a ^ strong 

base, the salt of which, in conseijuenee, has little tendency 
to combine with the IP and OH" ions of water. All 
salts of strong acids wjtli stfong bases act in this manner. 

The water solution of a salt sucli as sodium carbonate^ 
Avill not react neutral, but shows an alkaline reaction. 
In this instance, the water of solution has become slightly 
dissociated, HjjO-^IP + OH", into hydrogen io\is and 
hydroxyl ions and the sodium carbonate •(the'pr.oduct of 
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a weak acid, carbonic acid HgCO^) dissofiatcs into car- 
bonate and sodium ions Na\ The carbonic acid 
which forms,, is but slightly more dissociated than .the 
water itself. The sodium ions, Na' and the hydroxyl 
ions, Oil", remain in solution and are sufficient in num- 
ber to give a blue reaction with red litmus : 

( 2 Na^ + CO,- ) + 2{H^ -f OH ) H^CO 

Sodium carbonate Water Carbonic acid 

* very slightly 

dissociated 

‘h 2 (Na + OH-) 

n|^‘g>ociated 
sodium hydroxide 

All similar salts formei by ireak adds and string 
bases allialine rcadlons in water solution. Such a 
cliango is called Itgdrolgds and tbe reverse .,of neu- 
iralizaiion. 

8 alts formed by strong adds and ivealc haises give 
add reaction in water solution. Iferp hydrolysis like- 
wise takes place: 

+ 8 O 4 - + 2(ir -f OH-H Cu{OH)o+ 2H’ + SOp' 

CojjjM'r Water Viidissociated Bissoemted 

sulphafo co()i)er sulphuric acid 

hydroxide 

Sodium Carbonate — NaoCO,, kiu>wn ordinarily as soda 
is extensively used, industrially. In the borne, it is 
known as washing soda and is the important constituent 
of sodiu^a tfiearhonafe--^i\HCO.^, this salt being also used 
in fire extinguksliers. 

Anhydrous sodium carbonate — Na/’O, is sold as soda 
ash. When crystallized from wtgier solution it is sold 
as washing .stn/u*— NaoC(),101TX). The large percentage 
of water of crystallization in ‘Svashing soda,’^ also called 
erystal soda, is 63 percent, the balance is 37 percent 
NaoCQo. 

Sodium Sulphate Na 2 SO.i.lOH 20 , known as Glauber's 
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salt is an activ6 constituent of medicinal waters and also 
used extensively in the manufacture of lake pigments. 

Potassium Carbonate — commonly (jailed potash, 
is generally offered on the 'market as calcined potash. 
Potassium carbonate is very hygroscopic. 

Potash, like soda, is a white substance, readily soluble 
in water, in whicli it shows a basic, or alkaline reaction. 

Various carbonate salts are usually formed by pre- 
cipitating the respective salt from a solution of ar^ soluble 
carbonate : 

CaCL + CaCHT, + 2Xa(M. 

*' , hisolublc Sodium 

('alciiiiu Sodium calcium chloride 

chloride carbonate carbonate *' in solution 

f f 

Water glass is an alkali salt of silicic acid. 

Sodium water glass sodium silicate, Na^SiO^, and po- 
tassium water glass, potassium sicilate, are sol- 

uble in xvater, but practically all other silicates are in- 
soluble salts. Mica, talc (soapstone), asbestos, feldspar, 
clay, garnets^ meerschaum, etc., are such insoluble sili- 
cate compounds. Mixtures of these compounds comprise 
common rochs, such as granite, slate, etc. 

A solution of water glass, of syrupy ('onsisteiicy, is 
often' used as a erment, and to. hard(*ii such porous 
materials as mortar. 

The addition of acids to a solution of water glass, pre- 
cipitates ortho-silicic c/r(V/-~lT 4 Si()^, as a gelatinous in- 
soluble mass, which if heated is converted into silicon di- 
oxide, SiOy and water : 

H^SiO, S;Oo -f 21120. 

I 

Silicon dioxide, SiOo is the anhydride of meta-silicio 
siOo + H2O iioSio..,. 

Silicon dioxide, also called silica, Si02 is the mof^t com- 
mon compound of silicon, which, next to oxj^en, is the 
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most abundant element in the earth's crust. Silica is 
harder thaft glass and insoluble in ordinary reagents. 
It is found iii/nany varieties, ditfering in color and stwic- 
ture from the im])uriiies and conditions under whicli 
they were formed. The most common form is quartz. 
There are cleai* crystalline varieties, an exam})le of wbicl' 
is rock crystal. Amethyst is a purple vaj’ie^ty. Onyx, 
agate, and flint are other forms of .silica. Opal is a 
hydrated variety. Sand is weather worn silica, produced 
in tine grains by the disintegration of srnid sf()}ic. Most 
plants contain silica in their stems. The finger nails, 
claws of animals, quillg of feathers, etc., areitomposed 
of considerable silica. 

White safid, whicli is practically pure silica, is used 
in making glass. 

Silica, also called Silex, is used^ finely ground, as a 
\vood filler and inert extender in heavy paints. 

Glass is a mixtuiie of silicates. Cmmnon glas^, crown 
or window glass is a mixture of silicates of sodium and 
calcium. FUtft glass is comiioscd of the silicates of lead 
or barium and polassium.* When various substances are 
dissolved in glass, they impart color to the glass. Iron 
and chi'oinium compounds give green color. (Compounds 
(»r co^iiier and cobalt give blue color, manganese gives 
[•ink to violet, gold a ruby red, silver gives yellow, etc. 

Carborundum is the carbide of silicon, silicon carbide — 
SiC, and is used as an abrasive, substitute for emery, etc. 

BOROfj — B, is of little interest as an eleme^;[t, its two 
important compounds are boric acid and borax. 

Boric acid — II3BO3, also called boracic acid, is a weak 
acid, soluble in water, and used [vincipally as an anti- 
septic and preservative. 

Borax, sodium tetraboj^ate, NajB^Oy, is a sodium salt 
of boric acid. From solution, ordinary borax crystal- 
lizes injarge clear crystals, with 10 molecules ’of water 
of crystallizatioif, Na2B407. lOH^O. 
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A small quantity of borax when lieated on the loop of 
platinum wire swells during the evaporation 6t the water 
of crystallization and then melts, upon fui;ther heating, 
to a colorless glass bead, "Many metallic oxides when 
fused together in this manner, with borax, impart color 
to the resultant glass bead. Cobalt compounds color 
{he bead blue, manganese compounds impart violet color, 
chromium a green color, etc. This property is often 
made use of, in testing for certain elements. ^ 

Borax in solution has a weak alkaline reaction. 

AMMONIUM HYDROXIDE— NH 4 OH, ammonia 
water, is^y. water solution of amrronia — which is a 
colorless gas, having a sharp characteristic pungent odor, 
excfoedingly soluble in wate?, in which it hhs a strong 
basic or alkaline reaction (turns red litmus paper blue). 
Ammonia is, also, pr<5ducod in plant and animal decom- 
position, 

Ammbnium hydrdxide, formed by a water solution of 
ammonia : 

Nil, ,+ JI.O NH.OH, ^ 

contains the ammonium radicle, NII 4 , and the hydroxyl 

groap - Oil. 

Ammonium hydroxide, like the *^*austlc lyes, neutralizes 
acids, forming the respective salts: 

i\Tld)iI + IlCl 11/) + NH 4 CI. 

Arniiioniuir^ 

ohlorido 

Ammonium Chloride — ^NH^Cl, commonly called sal am- 
moniac, like other con^pouixls of ammonia, wlien hehted, 
volatilizes entirely, if the acid radicle is also volatile*. 

CALCIUM — Ca is a silver white metal, with high’ 
lustre and an exceptionally good conductor of electricity. 
AVater is ‘slowly decomposed by calcium, with evolution 
of hydrogen: 

Ca + 2H,0 Ca(OH). + 
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One of the most abundant insoluble compounds of 
calcium, is cfelcium carbonate, CaCOa. Marble^ limestonCy 
calcite, Iceland Spar^ chalk, the mineral matter of shells 
are all principally composed*of calcium carbonate. The 
im])uritioH coiitaiued in limestone, marble, etc. impart 
the various colors to tliese substances. 

The stalactites, wdiich hang like icicles 0/ stone from 
the rooves of many caves in limestone regions are masses 
of calcium carbonate; as are also the stalagmites, which 
are the round mounds fol'med on the floor of the caves. 

m 

When calcium carbonate decomposes at a red heat, 
calcium oxide, CaO, (a]*so called quicklime or liiee) and 
carbon dioxide arc formed: 

CaCUa fcaO + CO^. 

Calcium oxide takes up water, %forming calcipm hy- 
droxide: 

CaO -ir HoO Ca-(OH), 

Calcium 
hydrojudo , 

When water is throwp on lumps of quicklime, the 
mass becomes so hot as to produce steam, swells and 
then ci’umples to a wliite powder. This process is called 
slaking and the calcium ' hydroxide thereby formed is 
caWeA" slaked lime. 

Slaked lime sparingly soluble in water, which 
solution is called lime water and has a strong basic, or 
alkaline Reaction. Lime water, which has undissolved 
calcium hydroxide particles in suspension, is cMled milk 
of lime. 

LaVge ([uantities of lime are .ised in preparing mortar, 
A\'hic]i is a mixture of sand and freshly slaked lime. 
The sand becomes enveloped in the jelly-like mass of 
slaked lime, which, where exposed to the air, takes up 
carbon dioxide, forming the insoluble calcium carbonate: 

’ . ea(OH), + COo ^ CaC03 + H^O. 
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Calcium Sulphate — CaS04. When containing two 
molecules of water of crystallization calciunl sulphate is 
known as gi/psum, ('aS() 42 Ho(). Alaha}<ter is a variety 
of gy])sum. 

When gypsum is heated to 110-150% three quarters of 
the. water of crystallization is driven off, the residue hav- 
ing one mole^3ule of water of crystallization to every two 
molecules of calcium sulphate, (CaS04)2.H20. The 
chalky, white powder thus formed is called piaster of 
Paris. 

When water is mixed with plaster -of Paris, the water 
is again Wken up, forming needles of crystallized gypsum, 
which set hard and as the mass increases in volume, 
sharp impressions are obtained of the mouTd. when the 
plaster is used for this purpose. 

Stucco is a mixture of ])lasler of Paris and rnhlde, 
using glue or sizing instead of water. 

Calcium chloride,* CaCL and calcium nitrate, Ca(NO;{)2, 
are two other important soluble salts of calcium. 

BARIUM, ’Ba and STRONTIUM, Sr, are metallic ele- 
ments, whose compounds chemically resemble those of 
calcium. 

Barium chloride, Bad.j strontium chloride, SrCl>, 
are Vliite, crystalline salts, sofuhb: in water. 

Barium sulphate, KaSO^, and strontium sulphate, SrSO^, 
are precipitated from solutions ot* barium chloride or 
strontium chloride by sul])huric acid. Especially the 
barium s;di)hate is characterized by its insoiui)ility in 
water, dilute acids and alkalies. 

Barium hydroxide, Ba(OIl)2 is a water soluble ^base, 
with caustic iiroperty. 

ZINC, Zn, is a bluish white metal, which, when heated 
in air, burns, forming zinc oxide, ZnO. 

2Zn + (>2 2ZnO. 

Dilutee aci(Kr(‘act with zinc to form tile respective zinc 
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salts: zinc chloride, zinc sulphate, ZiiSO^, zinc 

nitrate, Zn(N()y)2. Thos^e three are water soluble salts 
and are poisojtous, as are all the soluble salts of zinc. 

Zinc is obtained from natural deposits, called ores, 
various metals are* extracted from ores. Only very sel- 
dom do any ores contain but one mineral. Minerals are 
the elements and compounds comprisin^^ the jnorganic^ 
matter of the earth. 

Many filloys c(Uitaiii zinc. Brass is composed of cop- 
per and zinc, German silver of co])per,,zinc and nickel; 
bronze of copper and tin with sometimes an addition of 
zinc. 

A protective coating of zinc is given iron and this is 
then known as galvanized if on, 

ALUMINUM— Al— is a silver wliite nudal, of lighter 
gravity than any other common thetal. AlumiBum is 
not found uncombined luit is obtained as such, by elec- 
frohjsis, from its oxide. Aluminum compounds aVe very 
abundant in natnr(‘. Bifhics, sappli'm'Sf rmrri/, are 
more or less imre varieties of aluminum oxide. Glay is 
})rinci})ally aluminum silicate. AVhen clay (aluminum 
silicate) and limestone (calcium carbonate) are heated 
together in ]>roper proportions, to melting, a ])roduct 
wliicli we know as cement is obtained. Some deposits of 
natural limestone contain the proper amount of alumi- 
num silicat(^ and when Inirued, yield natural cements, 
whiclnvere already known and used by the Koinans. (fe- 
nient is iir])pos(‘d to consist of a mixture of calcium sili- 
cat(‘ and calcium aluminate, which lias the property of 
setting hard, after mixing witu water. Cement will set 
evenly throughout the mass, uiVler water as well as in the 
{ur and for years, continues to gain in strength. 

A mixture of cement, In-oken vStone, sand and water is 
used to prepare* concrete. 

The high nietallic surface of aluminum becomes dull on 
exposure, 'the reshlt of a thin coating of the oxide. Alu- 
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‘miniim remaiiis practically unaltered in air and is not 
readily attacked by nitric acid^or dilute sulphuric acid. 
Hydrochloric acid reacts with this metal to form alumi- 
num chloride. Sodium and potassium hydroxides dis- 
solve aluminum forming the corresponding aluminates: 

2 A 1 + 6NaOH 2Na,A103 + 3 Ho. 

Sodium alumina tc 

Aluminum Sulphate, AL( 804)3 ''vhen mixed twith po- 
tassium sulphate, K2SO4 in sMutions of molecular pro- 
portions foims the double salt, KA1(,S04)2 • l^HgO con- 
taining tjveh molecules of wat^ii* of crystallization and 
known commercially as alum. In ammonium alum NH4 
AK^04)2 • l^Hi>0 the potassium atom is replaced by the 
ammonium radicle. Chrome alum has the formula KCr 

(80J, . I2II0O. / 

Aluminum hydroxide — ^Al(OH)3, commonly called alu- 
mina, is obtained 'as a voluminous, iranslucent, gelat- 
inous ])recipitatf, from solutions of aluminum salts by 
the addition of an alkaline hydroxide: • 

AlCl, + 3 NaOIl + Al(OH),. 

So(Ja, NaoCo,^, or potash K^CO.^, ])reci))itate alumina 
froAi solutions of aluminum corrp>ounds, with e'mlution 
of carbon dioxide, CO.. 

Alumina is soluble in acids, forming I lie corresponding 
aluminum salts and also reacts with strong bases in the 
manner (jf an acid (see sodium hydroxide ])age 174 ). 

When alumina is precipitated in solutions of many 
organic dyestuffs it has the property of carrying^down 
the color with it, as U settles, leaving the solution of the 
dye clear. This insoluble, colored precipitate is called 
a lahe. Lake colors are used, extensively as color pig- 
ments and in dyeing. The fibre of some fabrics does 
not absorb many dyestuffs and it is necessary, there- 
fore, that a substance be used, which ^till cause the dye 
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to be indelibly fixed on the fibre. Such h substance is" 
called a mordant. Aluminum hydroxide, as also the 
hydroxides of copper an& iron are frequently employed 
as mordants. Many dyes rcfbct with mordants produc- 
ing different colors. 

Aluminum wlien healed, is converted into aluminpm 
oxide AloO^: 

2Al(On)3 AI0O3 + 

Aluminum oxide is an insoluble compound, found in 
nature as the mineral coruudum wliich \Vhen mixed with 
various other minerals is known as emerij. It next 
to the diamond, the hardest mineral kiiown and has long 
been used a?> an ahrasire, bqing more recently displajaed 
by carhormidumy RiC, which is still much harder. Aji 
artificial coiaindiim is known as ahii^dum. 

Crystalline forms of corundum colored blue by traces 
of titanium oxide ar,c called sapphires, other forms col- 
ored red by cliromium are call(‘d ruhit's.^ Artificial gems 
are manufactured from fused aluminum oxide.. Bed 
clays, which are principally composed of aluminum sili- 
cate, receive their red color from the presence of iron 
oxide. 

IRON— Fe, is a silver gray metal, readily corroding 
when exposed to moist air, forming a compound of the 
oxide and hydroxide of iron, known as rust. Com- 
mercial iron is classified as cast iron, icrouqlit iron and 
steel. 

Cast iron has the highest carbon content, wrought iron 
the Iqast, steel usually between the two. 

Iron unites with oxygen, to '‘form*: 

FeO = ferrous oxide 
FeoO.f " ferric oxide 

Compounds of irpn, in which the ion is bivalent Fe*^ are 
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‘lermed ferroHs compounds, and those where the ion is 

trivalent are called ferric compounds » 

« 

• ferrous sulphate'“FeS ()4 ^ 

ferric sulphate— Fca ( SO 4 ) 3 
ferrous chloride — FeCij 
‘ ferric chloridc—iFeCl.T 

' The mo*st ’important compound of iron is ferric oxide. 
The natural earfh pigments, Voietian Bed, I^^ght Red 
and hidian Red are colored by their content of ferric 
oxide. Rouge also a form of ferric oxide. Hydrated 
ferric oxide, Fe/>3.31l20, tof^ether with clay and sand* 
forms the natural tiarth pi^^ment Yellow ochre. 

^Solutions of any base yi’ecipitate ferric hydroxide. 
Pe(OH) 3 , from solutions of a ferric salt: 

• VeCl, + :mOJT :]KC\ + Fe(OH),.. 

Sodium carbona/e will also give this reaction: 

2Fe(43+3Na20O3+:i]f/)--^()Na(4+2Fe(OH)3+ 

• . . 

Ferric hydroxide is the cohp'ing ])riii(*i])le of natural 

ochres. 

When strongly heated, ferric hydroxide loses its water 
of hydration, forming ferric oxide: 

2Fe(On)3~>3H2() + Fe.,() 3 . 

Ferrous sulphate, FeS 04 . known as copperas 
or green rifriol is used in dyeing and in maklfig wrlilug 
inh. Tahuic arid, extracted from nut-galls, forms with 
ferrous sulphate a soluble almost colorless salt, ferrous 
1 annate, which when ex])vs(al to air is oxidized to the 
ferric condition. The ferric compound is a fine black 
insoluble preci[)itate. A blue or black dye is added tO 
give the ink temporary color. * 

Potassium ferrocyanide, K 4 Fe(( called yellow prus- 
siate of potash is the combination ot* pidassijim with the 
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complex ion Fe(CN)(j . Solutions of^this salt do not 

give charaA eristic reae^tions of iron, as the iron is not 

present as ipi ion, but is part of tbe ion Fe(ON)<j 

which wiien brought together witli ferric (*ompounds in 
solution, forms . ferric ferrocyanide, FeJ Fe{CN), 5 ] 3 , 
known as Prussian Blue. 

4FeCl, + 3K,Fe(CN), Fe,[Fe((^N)«f 3 ^ 12KCL ' 

Potassium ferricyanide, tC 3 Fe(('N)c, called red prusslafe 
of potash is ])re]>ared from yellow lU'Uf^siate. TnrnhulVs 
hlue, ferrous ferricyanide, Fe;;fFe(rN)<; is formed when 
a solution of ferrous comimunds is added to*?* solution 
of })otassium ferricyanide. 

:!Fe('L + 2KJ''e((’X),; ^ Fe;JFe(CN)„l, + OKH. 

• • 

Blue Prints or ferrotypes receive their color from the 
formation of Tiir7ibuirs blue. AVhCii paper, coated with 
a solution of ammonium ferric citrate .(called afso green 
scales, wdiicli’serves both as a ferric salt apd as a rcduc-< 
ing agent) and d(‘velo])er diotassiiim ferricyanide) has 
been exposed to light (the light effecting reduction of 
the ferric to ferrous compound) the color is developed 
and fi;fied in one operjjticrn by washing in winter. • 

MANGANESE — Mn, is a ste(‘l-har<l metal, chemically 
resembling iron* The most important compound is the 
dioxid(i MnO.,, which is commercially used in ])r(*paring 
chlori^i^•gas : 

Concentrate^l hydrochloric acid + manganese dioxide 

wilt ei* manga m*se chh/imr* A chlorine. 

Manganes(‘ displays both mehnUic and non-metallic 
<'haracteri sties. It is found to be part of tbe negative 
])ivalent ion, IMnOy" forming manganates: potassium 
manganate, K,.]\In()^; and also ])art of the univalent ion, 
MnOy#forming ]>erraanganates : potassium perinanganate, 
dh)tasiisium ])ermanganate is of dark red color, 



180 artists’ pkjments 

c 

crystalline in form, soluble in water, yielding an intensely 
violet colored solution. It is a strong oxitfizing agent. 

Manganese borate is used in the preparation of drying 
oils, as is also manganese dioxide. 

Chromium — Cr, is a blue-gray m^etal. Like man- 
ganese, it is added to steel to increase the hardness and 
tenacity, ^chrome steel, spiegeleisenjerro manganese, 
Chromium, like iron, forms compounds rich in color, 
from which property it derives its name ((Chroma, greek 
for color). 

The two important oxides of chromium are Chromic 
oxide, (b-^0.., of mat green color and chromic anhydride 
or trioxide, CrOg, soluble in water in which it yields 
chrcmic acid, lIoCr 04 , of which many salts of vivid color 
are known. 

The 'most im])oriant solul)le salts of chromium are 
potassium dichromate and potassium chromate. 

Potassium dichrouiate, is an orange-red col- 

ored crystalline salt, soluble in water. 

Potassium ^hromate, Ko(h*(),, is a yellow colored crys- 
talline salt, more soluble than the dichromate. 

The acid of both of these salts are formed from the 
anhydride, CrO^ : 

H 2 O + CrOa ^ H2Cr04, 

HjO + 2 Cr 03 H2Cr2C,. 

Strong acids tend to free chromic acid from either of 
these two salts: . 

r* 

K„Cr,0, + + ILO K.SO, + 2TI,CrO,. 

fhromic acid is a very s(/luble substance of red color 
and is a powerful oxidizing agent. 

Many organic substances are reduced by chromic acid. 
A solution of a chromate salt in sulphuric, or nitric acid 
(the acid in excess) will liberate chromic acid ^and if 
alcohol be added and warmed a change of color of the 
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solution from orange-red to green will occur. The al- 
cohol has b^en oxidized ^to the aldehyde, a very volatile 
substance repognized iy its agreeable, etherial odor. 
This reaction is made use of in the detection of pigments 
containing the chiyomate radicle. 

Lead chromate, PbCrO^, is the most common jiigment 
of this class, and is known as chrome yellow. The 
chromate of zinc, strontium and barium are also em- 
ployed as pigments. 

COBALT, Co, a hard,* gray metal, very slowly acted 
on by acids, with axception of nitric acid in which it is 
readily dissolved. • •• 

Cobalt chloride, CoClj, has the poculiar property of 
changing its color in air of^ varying humidity. The.iess 
hydrated condition of this salt shows blue color, the 
more hydrated is of red color. This property made 
use of in the manufacture of inexpensive hygrcrueters, 
the change of coloi* indicating the amount of moisture in 
the air. . . 

The snlidiatc, (‘oSO,, nitrate, (‘o(NO.j)2,,and chloi’ide 
of cohalt arc soluble stilts, showing the characteristic 
red color of solutions of cobalt .salts. The pigment Co- 
balt Blue is a compound of Cobalt Oxide and Aluminum 
Oxidf.. , * * 

COPPER, Cu, is a reddish colored metal exceedingly 
malleable and ductile. The salts of copper are of blue 
or green color: 

Coppe? sulphate, CuSO^. 'When containing water of 
cryslallizaliou js known as hJuc vitriol, CuSO^, SlI^O. 

Cqpper nitrate Cu(N03)2< 

Copper acetate, Cu ( 0 . 11 , 0 , )i-»TVrd?>m, (green) a 
_ .salt of the organic acid, acetic acid, H(CJI,02). 

Ammonium hydroxide precipitates light blue copper 
. hydroxide, Cu(OII)., from solutions of copper salts and 
with the ammonium hydroxide in e.xcess the topper hy- 
droxide is‘dis.solved to a deep blue solution (formation 
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of a soluble double salt). This reaction is used to detect 
the copper ion. 

LEAD, Pb (Plumbum), a soft, bluish-white metal, 
known and used by tlie ancients. The most common lead 
ore is the sulphide, galcnaj PbS, of w][nch large deposits 
are found in Missouri, Illinois and Colorado. With oxy- 
gen, lead forms several compounds : 

Lead o^ide, PbO, called also massicot when of yellow 
color and when solidified from the molten condkion it is 
of reddish-yellow color and crystalline, and as such, is 
known as tiiharfje. Pi])e fitters use ,-1 c(‘ineid composed 
of lithar^go and glycerine. 

Red Oxide, Pb.j 04 , also, called red lead or minium is 
of wermilion hue and has the composition P'b;,04. 

Lead dioxide, PbOo, of dark brown color, also called 
lead pcf oxide. - 

Water soluble lead salts are: 

Lead Nitrate, Pb(NO;i)o. 

Lead' Acetate,. lfi>((’.JI;.().)o. known cornnn*rcially as 
sKffar /)f Jea((. J>olh salts are while ervslalline salts and 
like all compounds of l(‘ad ar(‘ V(*i*y ])oisonous. 

Basic lead acetate, Pb{CoII,0’).*0H and 
2Pb(OIT)2, is formed by dissolving litharge, PbO, in a 
solution of lead acetate. This’sa^t is used in preparation 
of basic ](‘ad carl)onate Pb(Oll l^.l’PbCO.,, well known as 
u'hite lead. 

Lead sulphate, PbSO^, and lead chloride, PbCl^, are 
practically insoluble white salts of lead. ^ 

CADMIUM, Cd, resembles the metal ^,in(\ 

Cadmium oxide, CdO, is a ])rown almost insoluble com- 
l>ound. The soluble i.salts of cadmium arc* colorless: 

Cadmium sulphate, CdSO^, 

Cadmium nitrate, 

Cadmium chloride, CdCL- 

Cadmium sulphide, OdS, of bright yellow color, is the 
artists’ pigment known as Cadmium Yellou'. 
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TIN, Sn (Stanmim) is a white metal,* soft and mal- 
leable; and like zinc, is of crystalline structure. 

Tin oxide, stannic oxide, SnOj, a white compound, ^ob- 
tained from tin ores f jTjm whicli metallic tin is extracted 
])y reduction: 

SnO, + € Sn + CO,. 

Tin chloride, stannous chloride, SnClg is the, most com- 
mon compound, the liydratod form of A^khicli is technically 
known as iiii crystals, SjiiCL. 2 ir 20 , us(‘d extensively in 
mordantin<^ and in manufacturing bike colors. It is 
also a powerful reducing agent. 

Stannic chloride, SnC^l,, like* stannous chlorM^' is sol- 
11 hie in watei'. * 

Stannic sulphide, SnS:., iiisoluhle yellow nbiu- 

])ouik1, som(‘limes used as a pigment. ^ 

(\)tton goods are made tire-])roof by thoroughly im- 
])regnating tlnmi with a solution of sodium stannate (ap- 
])roximate specific* gravity 1.225) tin* gocxls iu*e then 
wi’uiig out to Tfunove <‘xcess of staniiale solution, dried 
thor<uiglily and then immers(*d in a solution P)f amihouium • 
sul])liate, again squeezc^l and dried. After washing in 
cl(‘ar water and drying, the faln’ic is nnnhu’ed i)erma- 
nently iion-flainmahle. • 

Stannic hydroxide, (011)4, like aluminum hydroxide 
lias the ])roperty«of forming hdvo colors with certain or- 
ganic dyestuffs. 

ANTIMONY — Sb (Stibium) a silver-wliite, brittle 
metal, Vith high lustre; forms two oxides: 

Antimony Iric'cide — Sb^O., 

Antimony pentoxidf— Sbo 05 

. Lead antimoniate is known as Naples Yellow. 

The addition of antimony to certain metals forms hard 
• alloys. Pewter is composed of copper, tin, lead andanti- 
mojiy.* Antimony is also contained in BaJjbift metal 
Type metal is aVonipound of antimony, load aiKHin. 
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BISMUTH— Bi, is more metallic than antimony, of 
brittle crystalline structure, heavy and of reddish color. 

Bismuth alloys, having low melting points, are used 
in automatic sprinkler heads, as electric fuses, etc. 

MERCURY, Ilg (Hydrargyrum )f at^ordinary tempera- 
tures is in liquid form, of silver-white color with bright 
metallic lustre, frequently called quicksilver. The prin- 
lipal ore 6i mercury is cinnabar IlgS, from which the 
metallic mercury is obtained by roasting the ore in con- 
tact with air. The sulphur is converted into gaseous 
sulphur dioxide and tlie mercury vapors are condensed 
and puri^ed. 

TTgH + O, Hg + 80,. 

ft ^ f 

Finely divided metallic mercury and the vapor of mer- 
cuiy ar^e very poisonous. Many other metals are dis- 
solved d)y mercury, forming alloys, called amalgams. 
Gold dipped into mercury will become whitened by amal- 
gamation of the mercury with the gold. 

Merpurous chloride, HgCl, known as calomel, is a white 
powder, insoluble in water and used as a medicine. 

Mercuric chloride, bichloride of mercury, HgClg known 
also as corrosive sublimate is a white crystalline salt sol- 
ublciin water (in about 14 ))ai'is). Mercuric chloride is 
extremely poisonous wdien taken internally. A dilute 
solution (usually 1 :1000) is frequently* used as an anti- 
septic in surgery. 

Mercuric sulphide IlgS, is known as F ermiliorj. 

MAGNESIUM, Mg, is a silvery white metal of low 
specific gravity, readily burning in air, producing a 
bright light of great q^ctiniO' power. 

Magnesium sulphate MgS 04 . 7 n 20 , known as Epsom 
Salt soluble in water and valued medicinally for its laxa- 
tive properties. 

Magnesium carbonate, MgCOg, is an insolublf, soft, 
very light, white powder, {white magnesia) ^ sometimes 



Mi:TALLIC ELEMENTS 


191 


used as a base in the manufacture of lakfe colors. Mag- 
nesium carbonate, MgCOg, found native, crystalline in 
structure, is called magnesite. 

Magnesium oxide, Magnesia^ MgO, is obtained by cal- 
cining magnesiunj carbonate. It is a fine white, volumi- 
nous, inodorous and tasteless powder, nearly insoluble 
in water and is sometimes used as an extender for lieavy 
paint. It is also called calcined magnesia. 

Magnesium chloride, MgCl2.6H20, is sometimes used 
in producing lake colors.* 

Hydrated Magnf;sium Silicate, 3 Mg 04 Si()o.TLO- known 
as TalCf Talcum, Soapstone, French Chalk an(J Steatite 
is ])rincipally used for polishing mai;ble, etc., and in the 
))reparatioii of toilet ))owders, tailors’ chalk, etc. 'Afeer- 
schanm is also a variety of this compound. Asbestos 
is a double silicate of magnesium iuid calcium. ^ • 
SULPHUR — S like carbon, occuring in a number of 
ollotropical forms, is found uncombined in nature, and 
also combined^ with many metals, forjning the* various 
metallic sulpkicu s and stdphates. 

Crude sulphur, which* has been purified by heating 
and obtained as a fine powder, is called forcers of sul- 
phur. Molt(‘n sulpliur cast into molds is known as roll 
sulphi{r. Orthorhowhic hdphur is obtained as cryctals, 
from' an evaporated solution of sulphur in carbon disul- 
phide. Prismatfe . idphnr is obtained from sulphur when 
cooling from a molten condition, the long, narrow, needle- 
like, prjsfnatic crystals appearing on the surface. Amor- 
phous sulphur, ^plastic sulphur, is obtained in an amor- 
])hous condition, of rubh-'r-hke consistency, when the 
molten suli)hiir is suddeidy '‘ooled. Boiling sulphur 
poured into cold water will cause il'e sul})liur to assume 
* this form, but like prismatic sulphur in a short time 
changes into the stable rliombie form. By dissolving 
Rulphiy in an alkali, to which hydrochloric acid is added, 
a finely divided .precipitate is formed, which when shaken 
in’water, forms what is known as milk of stdphur. 
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All forms of sulplmr burn in presence of oxygen, 
forming sulphur dioxide, SO2 : 

( i 

S + 0 ^-^ SO, . 

Sulphur, or some compound of sulphur is used in vul- 
canizing rubber, and also, in producing a class of dyes, 
sulphur colors. 

' The sulphide o^ many metallic elements are an im- 
portant class of compounds. Cadmium sulphide and 
mercuric sulphide are valued ks pigments. Sulphur 
combines with iron to form ferrous sulphide, FeS, which 
is mostlvrusod in iiropariiig hydrogen sulphide, ILS, a 
colorless gas, of characteristic putrid odor. 

Thyiirogen sulphide is fori^ned wluui orga'iiic matter, 
containing sulphur, decays. It is readily formed by 
the action of dilute hydrochloric acid on ferrous sulphide, 

FeS H,S + \M%. 

Hydrogen sulphide acts on most metals' or their com- 
‘ ])oundsMo foim the metallic sulphide: 

Pb + IPS PbS* + \l,. 

Black 

Lead suCjdiido 

ClUN(K). + IL8 CdS _ + 21INO,; 

C'adniLuni 

Sulphide 

Ammonium sulphide, (NJl4)2S, is obtained by treating 
ammonium hydroxide with hydrogen siilnliide. [t is a 
yellow colored fluid of strong disagreeable odor and re- 
acts witli metals, or tlieir c(>mpounds, in like manner as 
sodium sul])liide. 

Sodium hydroxid(‘ witli hydrogen sulpliide forms sodi- 
um sulphide, Na^S: 

2NaOII + 1 I„S ^ Na.S | 
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Sodium sulphide is soluble in water tod reacts with 
metals or tl#eir compounds to form the metallic sulphide : 

Pb{N(),),. + Na..S PbS ,+ 2NaNO,. 

Lead Nitrate Sodium Lead 

Sulphide Sulphide 

A solution of sodium sulphide does not have the^ ob- 
jectionalile odor, characteristic of hydrogen^sulphide, and 
is, tlierofore, ordinarily used in (jualitive analysis of th*e 
metals, ^)r tlieir compounds. 

The noble metals GOED, SILVER,^ and PLATINUM 
are of no importance in color chemistry. 

Gold, All, and Platirnim, Pt, are unaffected„by air or 
water at any temperature and by ordinary acid.^, but 
are dissoh^^l by aqua re^gia, forming auric chloride, 
AuCl;{ and chlorplatinic acid, HaPtChj. 

Silver, Ag, is tarnished by siiiphiir and acted iilioii by 
nitric and snlplmrio acids. Silvt^r is unaffected by^al- 
kalics. The coiiis*of the United States contain 9u per- 
cent silv(‘r (9(10), tlie l)i-ilisli coins contain 92.5 percent 
silvei’ (925 thicL this latter grade of imjdty is. called . 
sh'iTnif/ silrer. 
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The plant and animal kingdoms are composed of or- 
ganic substances, which throughout, are'compounds of the 
elenient carbon. Carbon, hydrogen, oxygen, and nitro- 
gen are the principal elements of which most organic 
matter is composed, sometimes sulphur and phosphor are 
organic constituents. The organic compounds of the ele- 
ments are very large in number and although many exist 
in nature, a greater number are synthetically produced. 

No otlifV element sliows the tendency to combine and 
form such numberless and complicated compounds, as 
does the element carbon. f 

In ofdcr to more closely follow the chemical reaction 
of organic substances the arrangement of the atoms in 
a molecule are best shown by structural formulas. A 
structural formula is one, which graphically represents 
a molecule ; thus ‘the structural formula bf carbon, the 
valence* of wlficli atom is four, is written 



The structural formula of liydrogen, \'alency one, is 

« 

H- 

Therefore the formula of a molecule of carbcm^ which 
has unite(f completely Avith hydrogen, is 

H 

H— i-H 

i • 

This compound, CH4, is the beginning of a class ok group 
of compounds, in which one or more ca^'bon -atoms are 
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united only with hydrogen atoms and form the*group of 
compounds*knowii as hydrocarbons. 

The structural formula of these compounds the .first 
series of which are termed the paraffin or marsh gas 
series, in which dwo adjacent carbon atoms are joined 
by a single bond, arc : 

Methane, CH^, or marsh gas 

(fire damp), 


H 

H— (i-II 
1 

H 



Ethatif , CoHn, gaseous 


H H H 

H— 6— H, Propane, Cgllg, gaseous, 

I i ; 

H H I£ 

and so on through the series : 


Butane, (\liio, .J^aseons, 

Pentane, liquid, 

He:yane, liquid, 

Heptane, liquid, 

Hexadecane, solid, 

and others. Tliese compounds are extremely indifferent 
in their chemical behavior not having the properties of 
acids, bases, or salts. 

, Petroleum, in its crude state, is a complex mixture of 
hydrocarbons, which is ])artially separated by distillation 
into products which are still mixtures, but which, as such, 
are copimercially used for special purposes. • The com- 
ponents d{ sucli mixtures, as represented by petroleum, 
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which have the lowest boiling points, distill oif first, and 
the condensed liquids are collected separately. This is 
known as fractional distillation. Thus petroleum is 
separated into the following substances : 

Petroleum ether composed of pentane, hexane; with 
boiling point between 4()'-7()'\ 

• Gasoline, •(jletrol) composed of hexane, heptane; Avith 
boiling point between 70M)0'’, ^ 

Naphtha, composed of heptape, octane; with boiling 
point betAveen •80^-1 20'', 

Benzine, composed of octane,^ nonane ; Avith boiling 
point%etAveen 120 -IbO"^, 

Kerpsene, (coal oil) composed of decane-ljexadecane ; 
AvIth boiling point betAvec^ii 150'' 

Petrolatum (raserni?) and paraffin are further i)rodncts 
of the fractional distillation of crude petroleum. 

In the^paralfin series the carbon AA’as*found to be united 
to the adjacent earlion atom by one bond. When tAvo 
• carbon •atoms«are united by a donJdc bond, Another series 
of hydrocarbons is formed, the olefine or ethylene series. 
The formula of this series folloAV the genei'al formula 
Crllox. The simplest member ^of this series is olefiant 
gas C2H4, the graphic formula of. which is: 

11 n 

I I 

I I 

II H 

• 

If two adjacent caijbon ^floras are united by a triple 
bond, they form the acetylene series. The general 
formula of this series folloAV the formula Thus 

the simplest member of this group, acetylene, has the 
formula If^C^C-II, or (UL. 

Many of the structural formulas of these compounds 
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show a ring formation, the substances having ’aromatic 
odors, and "having been^ given the name aromatic series. 

Benzene (benzol) CeHg, derived from coal-tar, isi the 
starting i)oiiit of the aroma’tic; scries having the struc- 
tural formula: 

II 

I 

C 

/ \ 

H-0 C-H 

hJI i-H 
. \ / 
c 

I 

.H 

By exchanging one or more of the hydrogen atoms of 
tlie liydrocarbons, siihstUnlidii products are oI)t‘>ined, 
thus using chloriiie wo obtain: 

11 

If— ('— f'l Monochlorntethanc, CH 3 CI, 

1 

H 

Id- 

II — C'— ('] Dichtermethano, CH.C1-, 

I 

C^l 

u 

Cl— (' — ('1 Trichlormethanu, CHOI, (chloroform), 

1 

Cl 

Cl 

Cl— C -Cl Tetraphlormethane, CCI 4 (carbon tetra- 
I .chloride). 

Cl 
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Wlicn Ve replace one or more of the hydrogen atoms 
by the corresponding number of, hydroxyl groups —OH, 
an alcohol is formed : 


II 


CH^OII, Methyl alcohol, II — ( 1 — OH, wood alcohol, the 

I alcohol of methane, 
H CH,. 

H H 

I *1 

CJI-OII, Ethyl alchhol, II — (< — (' — OIJ grain alcohol, the 

I I alcohol of ethane, 

II If cjr„. 


an(l*.f?o on, by .substitnlion, ^tho other alcohols of this 
series are derived. In many alcoliols the molecule has 
more ttmn one — Oil group. Thus gUfcerlne or glgcarol, 
OJIr, (011)3 is an alcohol of propane, C^IIs. The sugars 
are also^ alcoliols, ^\\ih several hydrox'^d radicles. 

Phenol or carbolic acid, is an alcohol of ben- 

' 7 ene. • , • 

Methyl alcohol, CTI/) 1 I (a*ooV( alcohol), is obtained by 
the destructive distillation of wood. Gas, wood alcohol, 
aceJone, acetic acid and charcoal, are the most important 
prod\icts obtained by the destructive distillation of wood. 
When complex organic substances are decomposed by 
heat in alisence of air, volatih* substances and a solid 
residue are oldained. This process is termed, destruc- 
tive distillation. In like manner, illuminating* gas, am- 
monia, tar and cohe are obtained by the .destructive dis- 
tillation of soft coal. 

Ethyl alcohol, (^II/III, //Va/a alcohol, Cologne Spirits) 
is obtained by the fermentation of certain sugars by 
yeast; the sugars are broken i^p into ethyl alcohol and 
carbon dioxide : 


CJIJK + 2Cpo. 

Glucose * Ethyl 

(frfim sUrch) alcohol 
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A mixture of ethyl alcoliol containing about ten per- 
v*,ent wood alcohol and jfbout one-half percent benzene 
is known as denatured aleohoh There are several for- 
mulas for denaturing alcoliol, approved by the govern- 
ment to meet special requirements. Ahsolute alcohol is 
alcohol free from water. , 

Til ere are three classes of alcohols, priman/, second- 
ary and tertiary, , 

The pfimary alcohols have the —OH group attached 
to an end carbon atom wifh two hydrogen atoms : 

n 

I 

— C-OTT. 

! ^ 

II 

Secondary alcohols have Ibe —OH group attach-Ml to 
a carbon atom cornluned witli one hVdrogen atom and 
any other two radicles (shown as X) : 


H 

I 

X--(^-()II. 

X 


Tertiary alcohcl^ have the - Oil group attached to a 
carbon atom, whicli is combined with organic radicles, 
but no Lycirogen : 

X 

I 

X-C-OIj 


X 

By o:ddizing a primary alcohol, we obtain aldehydes, 
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thus frhm methyl aleohol, CH3OH, wo obtain formalde- 
hyde H,CH, 

H 

I 

n-C-0H + 0-»H-C = ,0-f HjO 
I I 

H H 

• ‘Methyl Formaldehyde 

alcoliol 

* 

A solution containing about 40 per cent, of fornfaldehyde 
is commercially known as forfualin. 

Ketones are formed by oxidation of secondary alcohols 
and havo the general formula, ' 

X-~C = 0 

) 

X 

Acetone, CH3COCH3 is a ketone, derived from the 
products of the destructive distillation of wood and is 
principally used as a solvent for celluloid, i*esins, gums, 
acetylene gas and in the manufactui*(‘ of {^hhn'ofarm and 
iodoform. • 

?)y oxidizing aldehydes, we ol'taiu acids: 

H-C-0 + 0-^H-C = 0 

1 ■ . I 

H Oil 

Formaldehyde Formie* acid 

The 

— C=0 
OH 

eliaraeteristic of organic acidt: and is called tl^( car- 
boxyl s>‘'>iil’) the liycrrof^en of whieli .i^roap is replaceable 
by a metal. Many orjitanic acids are of considcrab'le 
commercial value. * 

ACETIC ACID, CH,-C = 0 or IICC^HA), is 

'I ■ ■ • 

OH 
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the acid of vinegar, which contains ajjout 4 percent 
acetic acid ^nd is produced by the action of bacteria, 
Bacterium acetic {motfier of vinegar) on alcohol. Acetic 
acid is alsc formed by the* destructive distillation of 
wood. The crude acid obtained in this manner is some- 
times called pyroligneous acid. Acetic acid containing 
less than 1 percent of water is called glacial acetic •acid. 

Acetic acid is extensively used commercially, in tlie 
manufacture of white lead, coal tar colors and as a sol- 
vent for certain organif substances. 

<D 

II * 

OXALIC ACID, C-OH or H.CA, a comparatively 

I 

0 = 0 • 

I 

OH 

strong acid, very poisonous ; uscd^ in dyeing and in 
bleaching of flax,* straw and leather and for cleaning 
copper and .brass. Commercial oxafic acid Contains 
water of crystallization,. II2C2O4.2II2O. Anhydrous ox- * 
alic acid is sublimed ox^llic acid. 

TARTARIC ACID, IT2(C4H/),) is -present in grape 
juice. Alcohol is formed when the sugar in tlie grape 
juice' ferments, whicli •causes the crude acid potassium 
salt of this acid be deposited, as it is only slightly sol- 
uble in dilute alcoiiol. From this crude salt, potassium 
acid tartjate KH(C4H40,,), also, called cream of iartar 
and tlib free acid is obtained. Cream of tartar is a con- 
stituent of sonft3 baking ]K)wders. Potassium antimonyl 
tartrate, KSbO(C4n4(),;) is” called iartar emetic and is 
sometimes used as an emetic. 

‘ * CITRIC ACID, 113(0011507), is present in the juices 
of lemons, oranges, lime^; and certain other fruits. The 
•sharp, sour taste cliaract eristic of the lemon is, due to the 
presence of this acid. 
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other organic acids, less important for us, are Benzoic 
Acid, CfiH.^COsH, found in cranberries and certain other 
fruits. It is valued as an antiseptic, 

LACTIC ACID, is formed by the fermen- 

tation of milk sugar and is present in sour milk. 

The fatty acids, the most important of which are pal- 
mitic acid, stearic acid and oleic acid are present in the 
various fats and oils of animal or plant origin. They 
are found principally combined with glycerine, (called 
esters ) ; the fats or oils containing only certain propor- 
tions of the free acids. 

may 11 ,, + (1.11.(011), (yiaco^Cx,!!,.),. 

stearic acid Glycerine Stearin 

(an e'^ter) 

By heating the fats or oils with alkalies, they become 
sapouip^^dj the base comluning with tlie estei' to form a 
soap^ setting free the glycerine: 

I 

CyL,(CO,C„TT,,h, + 3NaOH (!,Hr,(OH.V, 

Stearin Sodium Glycerine 

hydroxide 

+ 3Na(COX\7H,:,). 

‘ Sodiniu stearate 

(a soa;;)) 

The fats and oils always contain a number of different 
fatty acids and their res})ective esters, and according to 
the xiroportioii of their content, the fats or oils^are fluid, 
semi-solid or solid. 

Oleic acid and olein (the ester of oleic <tcid and glycer- 
ine) is fluid. 

Stearic acid and pa'/mitic acid and their esters, stearin 
and palmitin, are of more or less solid consistency. 

When an acid and an alcohol react, an ester {ether al 
salt) and water are formed. Ihiis reaction is analogous 
to that of the formation of a salt by neutralization, in 
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the formation of an ester, the alcohol pflays the part of 
a base : * 

NaOII ]T((1J1,0,) ^ Na(CUn,0,) + 

Sodium Acetic Sodium 

hydroxide • acid acetate Water 

cjv)ii + iT(cjiA) cyr,,(C2Ti,o.) +*ua 

Ethyl Acetic Ethyl * , ^ 

alcohol acid a<^ctato Water ’ 

• 

The esters are Avidely used in making synthetic odors,* 
})erfumes and ad'tiflcial fruit flavors and form a very 
importanfgroup of compounds. 

(V)mmon vther is ethyl oxide, (( ^ 
l)arcd by treating alcohol with sulphuric acid. 

Organic compounds in which carbon is united with* 
liydrogen and oxygen witli tIie.latt(T two elennents in 
the same proportion as in water, but not in’the form of 
water are called carbohydrates. (Vi\nmon carboliydrates 
are tlie sn(/ar}<, starch and cellulose, , . 

The most Important sugars are saccharose, glw:ose aiul 
fructose. 

Saccharose, cauc su(/ar (sucrose) and beet 

sugar is contained in piiints such as the sugar cane and 
bep^ which yitdd considerable amounts of table •sugar, 
^riie sa]) of the sugar-ma)fle tree also contains much of 
this sugar. * 

Molasses is the uncrystalUzed syru]) ])roduced in the 
mamd’jft'ture of sugar. Molasses is sometimes mis- 
named treacle, Avhicli latter is a syrup obtained during 
tha refining of sugar. 

Sucrose (common sugar) ( rvistallizes in four sided 
I ])risms (roch caudg) melting to a colorless licpiid at 
160*^ C. and if suddenl;^ cooled, solidifies to a trans})areiit 
light yellow mass called barleij sugar. When heated to 
210^ il, it partially decomposes, with loss of* some water, 

leaving* a brov;n*mixed material, called caramel. 

- • 
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Fehliiig’s sokition is not reduced by sucrose. 

By boiling saccharose with Avat(^ (a trace •of acid will 
hasteil reaction) it is converted (hydrolyzed) into glu- 
cose hnd fructose. 

+ 1L0->0«IT,A +• CoHiA* 

^ Saccharose Water Glucose Fructose 

/riie resuHant mixture of the two sugars is called in- 
vert sugar, in wliidi each sugar interferes with tl^ crys- 
'lallization of the other, which r^jaction is made use of 
in the making of candies, which are to be nulled and 
icings for cakes. 

The yeaSt plant (yeast) secretes two ferments (tailed 
zymase and inverta&e {snerase), which belong to a class 
‘ of organic compounds known lU enzymes, which are sub- 
stances, producing remarkable chemi(‘al clianges by their 
mere pr<^‘!^eiice. WJien yeast is added to a saccharose, 
the invertaso hydrolyzes tlie sugar to invert sugar, which 
in turn is converted by zymase into alcohol and carlion 
dioxide: 

Cjly/J, 2(\11,()11 + 200,. 

' y ' 

Ethyl alcohol 

Glucose, dextrose or grape sugar, CoIIj-jOoy obtained 
from starcli, by boiling with water, with addition of a 
dilute acid : 

(ColI.oO,). + dU) 

’ starch Glucose 

Glucose is almost colorless when pure and reduces 
Fehling’s solution to cuprous oxide. This reaction is 

* Fehlivg’s ftoluH-on is prepared by mixinfj equal volumes of two solu- 
tions: (1) A solution of 34.00 grams copper sul])hato (ChiSfb..^ILO) in 
000 cc water, (2) 173 grams Jiochellc scut, sodium potassium tartrate, 
KNaCjr 40 «.H 20 , and 50 grams sodium hydroxide in 500 cc water. The 
two solutions sliould be mixed before use. V^hen glucose in solc^tion is 
added, red cuprous oxide is precipitated, when the n ixture is boiled. 
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employed to test for ghicose in the disease known’ as' 
diabetesL. sugar and starcli taken as food is changed 
1o glucose and elimiifated in the urine, in this disease, 
instead of 4)eing assimilated as they should be. ^ * 
Starch, occurs in large quantities in wheat, 

oats, peas, beanfi, corn and in the roots, tubers (potatoes, 
etc.) and seeds of many plants. Starch is also present in 
the leaves, formed by the action of chlorcJphyl and sun- 
light on carbon dioxide and water. , 

• 

600, + 5]r,« OJIi/), + 60,. 

Oarbon 

dioxide WStcr Starch Oxypferi 

• 

Dilute solutions of iodine turn starch a deep blue color. 
The reaction is used to U’st for either starch or \fnline,^ * 
Starcli is insoluble in water but gives a transparent 
clear rupud when boiled with water. Many .complex or- 
ganic compounds, such as glues, d.ves, soaps, etc form 
similar clear liquKls, called colloidal suspoisions. 

When drj* starcli is heated to ab6ut 250' ‘C., or if 
moistened and heated wi,th dilute suliihuric acid,V)r nitric 
and hydrochloric acid* for some time at* about 120^^ it 
is converted into a soluble compound or mixture of com- 
])ounds called dextrine, or Jtritish gum. It 
is* much em])loyed in preparing mucilage used on tlie 
backs of postal* stamps and gummed labels. 

CELLULOSE, (CJIhADg forms the cell walffr of 
])lants.^ Linen and cotton are pure cellulose. Paper is 
made’ (T cotton or linen rags, the cheaper •kinds from 
wood ])ulp or*straw. When cotton is treated with a mix- 
ture of concentrated nitric ai 1 sulphuric acids a variety 
of compounds, called nitrocellulo^es arc formed. Soluhle 
* guncotton is composed of such compounds. A solution 
of soluble guncotton ki alcohol and ether is called coU 
lodion. Solutions of nitrocellulose in camphor form cel- 
luloicf 
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LENGTH AND AREA 


Long Measi^e 

12 iucliPs (ill.) ^ 1 foot' (ft.) .10.179 eentimetrrs 

4 inches = 1 hand ^ 

3 feet z= 1 yard (yd.) zr: 01.438 ecntimeicra 
6 feet rr lia thorn 

yards = 1 rod, perch or pole. 

1760 yrirUs = 1 mile (m.)’*=: 1.6003 Womefers 


Square Measure 

144 sq. in. 3z 1 *'sq. ft. 

9 sq. ft. zr 1 sq. yd. 

.‘U)i/4 sq. yds. — 1 sq. rod,** jK'rvli or pole 
40 sq. rds. — 1 acre (43,560 .sq, ft.) 

640 acres =; 1 sq. mile ' 


Angular Measure 

60 seconds (60") =z 1 prime minute 
60 minutes (60' ) = 1 decree (1°) 

30 degrees zr 1 sign (s.) 

12 signs (360 degrees) zz 1 great circle. 


Metric System 

Measures of leiigtli : 

1 millimeter Cnnii.) zz 1/1000 meter 
10 millimeters zz 1 centimeter (cm.) zz 1/1(UJ meter 
10 centimeters zz 1 decimeter (dm.) zr 1/10 meter 
10 decimeters zz 1 meter (M.) zz 30.370,8 inehe.*i 
10 meters zz 1 decameter (Dm.) zz 10 met era 
10 decameters zz 1 hectometer (Hm.) zz 100 meterH 
10 hectometers zz 1 kilometer (Km) zz 1000 meters zz 0.6214 wilfs 
10 kilometers zz 1 myria meter (Mm.) zz 10,000 meters. 


Metric Square Meas^ure 

The squares of the measures of length. 
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WEIGHT 
Avoirdupois Weight 

27% grains ^r.) = 1 dram (dr.) 

16 tlrains = ^ oiinco (oz.) 437.5 gmina = 28.35 grams 
36 ounces =: 1 pound (11).) = 453.592^ grams 
14 pounds =: 1 stoj^e 
25 pounds (U. S.) = 1 quarter (Qr.) 

100 pounds (U. S.) — 1 hundred weight (cwt.) 

20 hundred weight = 1 ton 
2000 pounds — 1 short ton 
2240 pounds =r 1 long ton 


Troy Weight 

Wrlg]ii)i(f*of Prrrious Metals and Jewels 

3.2 grains (gr.) — I carat (K) — 207.3563 milligrams 
24 grains (gr.) ^ 1 ])ennyweight. (dwt.) 

20 ponnnveight — 1 ounce (oz.) -j; 1.0971 ^<muces avoinl. — 31.1035 
grams • *• * 

12 ounces = 1 pound (lb.) — T3.1657 avoird. zzz 373.2419 grams* 


Apothecaries* Weight 

20 grains (yr.) 1 sci’Jiple (e)) 

3 scruples ~ 1 drain T.^) 

8 drains — 1 oiyice (5) — J.097.1 (yunars av(tird. ac 31.1035 gr^ims 
12 ounces — 3 •jiounu (lb.) =r 13.1657 outurs avoird. =373.2419 grams 

4 

M^etric Weight 

30 niilligranis (mg.) — I conti,yram (eg.) 

10 centigrams — 1 decigram (dg.) 

10 •decigrams 1 gram (g. or Gm. i JOO grams = 3.5 ounces 
10 grams — 1 decagram (Dg.) 

10 ileeagrams zr 1 ^(M-iogram (Hg.) 

10 hoctograni.s rz 1 kiiogr .m or kilo (Jvg.) zr 1000 grams zz: 2.2046 pounds 
avoird. ** 

10 kilograms — : 1 myriagram (Mg.) 

30 iny^iajrams zz 1 <iuintal 
10 (juintals zz 1 millier or tonneau. 

• 

VOLUME AND CAPACITY 
Liquid Measure 

4 gills zz 1 ]jint (jit.) zz 10 fluid ounces (fl. oz.). 1 fl. oz. zz 29.57 cubic 

centimeUr zz 0.02957 Htfrs 
2 pints 1 quart ((jt.) zz 0.9165 liters 
4 quarts zz 1 gallon (ga^) zz231 cubic inches U. S. 

03 galfons zz 1 hogshead (hhd.) 

31% gallons zz 1 bartel 
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f 

Apothecaries’ Measure dr Wine Measur e 

(H) minims (min.) (or drops) HI = 1 fluid draelim or fluid drffm (fl. dr.) 

or ({ 3) ' 

8 fliUid drachms =r 1 fluid ounce (fl. oz.) or (f 5) = 0.0206 liters 
10 flui/i ounces —1 pint (octarius, Ot) = 0.4733 liters 
8 pints = 1 gallon (congius). 


Dry Measure 

1 pint = 0.5507 liters 

2 pints = 1 quart (qt.) “ 1.1013 liters 
4 quarts = 1 gallon (gal.) 

2 gallons = 1 peck (j)k.5 
*4 pecks =: 1 hushel (bu.) 


Cubic Measure 

1728 cu. in cu. ft. 

27 cu. ft. ~ 1 cu. yd. 

1 0 cu. ft. = 1 cord foot, 

8 ebra ft. = (128 cu ft.) — 1 cord 


Metric Dry ,and Liquid Measures 

OrdUiari) measures of lohnne — the euhe of the measure 
of length. 

^ milliliter (ml!) ~ 1 cubic centimeter (c. c.) ~ 1/lOOb liter 
•to millilitei = 1 centiliter (cl.) = 1/lOU liter 
10 centiliter ^ 1 deciliter (dl.) — 1/10 lilcr 

10 deciliter = 1 liter (L) == 1000 cubic centimeters :r: 1.0567 quarts liq. 

measure = 6f.03 nibic inches — 34.1 fluid ounce U. S. 

10 liters =: 1 decaliter (Dl.) — 10 liters . 

10 decaliters = 1 hectoliter (III.) — 100 liters 

10 hectoliters = 1 kiloliter (Kl.) = 1000 liters,™ 1 cubic meter — CfOJo.H 
cubic tnrhes = 35.316 cubic feci — 1.3070 cubic r/ards 
10 kiloliters = 1 niyrialitcr (Ml.) r= 10,000 liters. 

NUMBER 

12 units ~ 1 dozen (doz.) 

12 dozen zz. 1 gross (gr.) 

12 gross — 1 great gross 
20 units “ 1 >core 

PAPER 

24 sheets zz 1 quire (qr.) 

10^/2 quires zz; 1 token 
20 quires zz: 1 ream (rm.) 

480 sheets zz: 1 ,vcam (U. S.) 

500 sheets zz: 1 ream (France) 
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TEMPERATURES 

Centigrade freezing point of water 0° C; boiling point of water 

= 100'’ C. 

Falirenheit (F°) ; freezing point of water — 32° F; boiling point of water 
—•212° F. • 

There are 100 degreiis on the Cenii^^ratlc scale between 
the freezing point and tlie boiling point of water, against 
180 degrees on the Fahrenheit scale betweercthese points, 
the Fahrenheit degree is tlierefore found to ))e or % 
of 1 ' C'e^itigrade. Tlie conversion of (Vuitigrade to Fall- 
renheit degrees, or vice versa, may h(^ made by using the 
Tormulas : 

Degress (Vntigrade~% (degress Falirenhelt — 32). 
Degrees Fahreiilieit = % (degrees Centigrade 4- 


(,0 

Table of Conversion 
> 

yo 
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55 

■ 131 

1 
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5 
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65 
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50 

70 

.158 
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50 

75 
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CS 
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25 

77 

85 
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30 

80 
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35 

05 
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40 
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45 
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Abrasive, 188 

emery substitute, 177 
Absolute alcohol, 199 
Acetate, co])per, 116 
Jead, 39, 121, 1*24 
Acetic acid, 7, 54, 116, 
121, 187, 198, * 
200 

glacial, 201 

Aceto-arsenite of copper, 

r>8 

Acetone, 12, 198, 200 

Acetylen^\*196 

gas, 2'00 
scries, 196 

Acid, 165, lej, 164, 173, 
200 • 

acetic, 7, 54, 116, 
,121, 162, 187, 198, 
200 • . 
arsenic,. 46, 172 
arsenous, 172 « 
benzoic, 202 
boracic, 97, 177 
boric, 144, 177 
carlxflic, 44, 198 
carbonic, 170 
chlorplatinic, 198 
i'^ironiic, 186 
citric, 162 
dilute, 163 
eiixanthic, 1)7, 68 
fatty, 202 
gl.Mcial acetic, 201 
hydrochloric, 11, 114, 
167 

test for, 168 
hydrofluoric, 169 
lactic, 202 
meta-silicic, *176 
muriatic, 167 


nitric, 11, 102, 160, 
166 

oleic, 202 
organic, 200 
ortho-silicic, 176 
oxalic, 101, 201 
anhydrous, 201 
Huhliine(hf 201 
])hosplioric, 46, 
88. 171 , ' 

(lyes, 77 
jialmitic, 202 
potassium ferrocy- 
anide, 

])reparation of, 166 
^injof ultraniariiio, 

118 

pyoligneous, 201 
ladicle.’, 163 
reaction, 17,5 
n'sistant jiigmenis, 

7 

silicic, 176 * 
stearic, 202 
strong, 165/ 166, 171 
sulphuric, 7, 11, 164 
siiliihinidigotic*,* 70 
tannic, 184 
tartaric, 16-2, 201 
to dilute, 165 
^veak, 155, 170, 175 
Acidic oxides, 162 
Adjtcti\e eoloring mat- 
ters, ^6 
, dyes, 77 

Ad\anciiig coiois, 138 
Adjective pigments, 8 
After-images, 144 

Agate, 177 

Air, 158 

Air blue, 15, 87 


Alabaster, 61, 180 
•Albalith, 82 
Alcohol, 11, 198, 204, 205 
absolute, 199 
cologne s})irits, 198 * 
ethyl, 198 
denatur'd, 199 
grain, 198 
methyl, 198, 200 
o{| IxMizene, 198 
of 'etliane, 198 
of methane, 198, 200 
of proj)''ne, 198 
lOMinary, secondary, 
tertiary, 199 
wood, 198 

Aldeliydes. 187, 199 
Alizarin, 16, 43, 44, 75, 

84 

blue, 16 

burnt cr rmine, 16 
can. due, 16 
coal far lakes, 16, 35, 
43, 85 

crap Iak(‘S. 16 
crim.son, yj, 92 
farben, 16 
grc'en, 16 
indian l;ik(‘, 16 
lake.s 1, 16. 26, 36, 
73^ 109 

m.adder lake, 16, 34, 
59, 63, 66, 98, 108. 
109, 119? 120 
oli\e green, 16 
olive lake, 16 
orange, 16 
rose madder, 16 
sap green, 16 
.scarlet,^16 
y(dIow, 16, 68 
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Alkaline 178, 

174, 175,- 178 

Alkali -proof pi^ien^, 7 
Alkernies, 72 
Allotropical forms,. 170, 
191 

Alloys, 181, 189, 190 
Alum, 33, 40, 112, 113, 
127, 182 
ammonium, 182 
potassium, 182 
Alumina, 17, ^6, 48, 60, 
73, 75, 77, 93, 111, 
115, 127, 182 
hydrate, 9, 17, 34, 

46, 182 

Aluminates, 182 
Aluminum, m, 148, 181 
ohlorido, 182 * 
hydroxide, 17, 182, 
183 

oxide, 46, 98, 181, 
183, 187 

silicate, 42, 43, 181, 
183 

Aluminum Silicate, 
druted, 42 
sul}>hate, 182 
Alundum, 183 
Amalgams, 190 
Amarillo Hvillante, 25 
de harfta, 80 
de cadmio, 28 
<le eroino, 39 
de estronciana, 80 
de Najades, 91 
de zinc,* iJs 
Indian, 67 
nltramas, 80 
American *Hlue 2, 101 
American vermilion, 18 
»iiie white, 131 
Ajifethyst, 177 
Ammonia, 88, 160, 178, 
198 

water, 138 
liquor, 43 , 


Amnibniinji, 88 
alum, 182 
carbonate, 170 
chtoride, 91, 178 
ferric citrate^, 185 
tiouride, 169 
liydroxide, 11, 178, 
* 173, 192 
jdiosphate, 88 
suljdiate, 189 
radicle, 178 
sulphide, 192, 
Amorphous sulphur, 191 
Analysis* 147, 153 
Anchusa liiictoria, 120 
AnhYihades^ 162 
Anliulrite, 61 
Aidiy<lrous calcium sul- 
phate, 62 

cobalt phosphate, 48 
cojiper sulphate, 164 
oxabc aeid, 201 
salts, 164 

sodium c,arboua1e, 

175 

‘.niline, 44, 45, 75, 86, 
90 • 

him#, 45 

cohrs, 3, 19, 43, 45. 

86„ 143 
led, 44 
\t<d('t, 44 

lake, 86. 90 
..iiii'.al black, 71 
charcoal, 24, 71 
claws, 177 
tissue, 170 
Anthracejie, 16, 44 
oil, 44 

A-itimony, 148, 189 , 
oxide, 91 
jauitoxide, 189 
sulphide, searlet, 120 
trioxide, 189 
Vermilion, 120 
Aiitise])tic, 177, 190, 202 


Antwerp Blue, 19> *52, 
102 

Antwerp brown, 20 
Antw'crpener Bliju, 19 
Aqua fort is, 166 ^ 
r(>gm, 167, 1^3 
Argon 148, 158 
Aromatic series, 197 
Arsenic, 55, 96, J48, 171 
a^id, 46, 172 
disulphide, 104 
orange, 104 
oxides, 172 
penioxido, 172 
white, 54, 172 
Arsenic ^'ellow 96 
Arsenite j»f coppe 53 
Arsenous acid. 172 
oxide, 172*»;» 
suli*hidc, 96, 172 
Arsine, 55 

* , 

Artificial (^)lori'ig mat- 
t(‘rs 7^ 
gems, 18,3 
ultramarine, 112 
^Asbestine, 19 
Asbestos, 19,* 176, 191 . 
AsfaKo, 20 
As] dm It, 20 
Asi)hal1o, 20 
Asphaltnm, 20 
Atoms, |5», ISS 
Atomic hypothesis. 150 
weights, 148, ^150 
Auric chIori(k‘, 193 
Aureolin 22, 49 
Aurcolina, 22 
Aurora Yellow’, 23, 28, 
30, 87 

Automatic sprinkler 
heads, 190 
Avignon beiries, 127 
Azul celeste, 35 
Aznl Ceniza, 15 
de Am})eres, 19 
de <»’obalto, 46 
de Priisia, 101 
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^zurS blue, 23 
Azurite, 16 • 

Babbitt niietal, 189 
Bactorifj^ 201 
Bf.cterium acetic^ 201 
Barium, 114, 144, 14S, 
180 

chlwidc, 12, 62, 80, 
165, 180 ^ • 
•cliromate, 30^ 41, 80, 
187 

hydroxide, 180 
silicate, 177 
sulpliato, 62, 81, 82, 

99, 100, 114, 165, 
180 

sulphide, 83, 144 
Barley ^,u^?ar, 203 
*Baryta white, 100 
yellowf 80 

Barytes, 18/31* 38, 93, 

100, 119, 123, 128, 
133 

Base, '9, 74,^75, ,77, 155f 

171 , 

Base, strong, 174 , 
weak, 175 

Basie earboiiate of lead, 

49, r>r>. 120 

zinc, 132 

copper cailjoiiate, 15. 
87 

-■'yes, 77 

hydroxide of lead, 

122 

iron sulphate, 66, 94 
lea^l acetate, 188 
carbonate, 49, 
120, 188 
chloride, 90, 124 
chromate, 18, 39, 
40 

nitrate, 122 
sulphate, 125 
oxides, 162 


reaction, m, fji, 

176, 178 
Becktou white, 

Beet sugar, 203 
Beinbraiii^ 25 
Bengal indigo, 68 
Benzene, 44, 197 . 

Benzine, 12, 44, 196 
Benzoic acid, 202 
Benzol, 12, 44, 197 
Bergblau, 15 
lk*rggrucn, 87 
Berlin blue, 2 ^ 
,BeriiielIon, 117 
Bianco argent o, 55 
(’lemiiitz, 49 * 
di Ziiieo, 37, 128 . 

di pioiiibo, 120 
Bicarbonate soda, 17» 
Bice, 15 

green, 87 

Bicliloridc of mercury, 

190 

*Bile, 67 

Binary compound, 156 
Bismuth, 29, 148, 190 
Bister, 23 
Bistre, 23 
Bitume, 20 

Bitumen, 2, 20, 32, 115 
Black, 139 

Black board chalk. 126 
cochineal, 33 
lead, 24, 59, 60 
Blanc d’ Argent, 55, 120 
do Cremnitz verita- 
ble, 49 

de Mendon, 125 
do Blomb, 120 
de Zinc; 37. 128 
' Fixe, 9, 40, 77, 100 
Mineral, 125 
Blanco de CVciiis, 49 
de Cremnitz/ 120 
de plata, 55 , 
de plomo ^al}>a- 
yalde), 120 * 


ae^Ziinc, 37, - 

Bleaching Powder, 168 
Bleifreiss* 55, 120, 

Bleu celeste, 35 
Wobnlto, 46 
d’Anversa., 19 
d ’Azure, 112 
de cobalt, 46 
de Prussc, 101 
do Thenard, 46 
di Prussia, 101 
mineral, 19 
Bloodstone, 65 
Blue ashes, 15 

l)lack, 24, 36, 49, 
c*e/uleum, 35 
d’ Azur, 111 
green oxide, 98 
l=^mus paper, 11 
prints, 103, 185 
verdigris, 116 
^i^diter, 15 
\irtriol, 54, 164, 187 
Bog-iron ore, 93 
Boiler scale, 361 
Borfe, 95 

white, 42 

Bolted gilders whiting, 
126 
lioliis, 95 

Bone ])lack, 24, 71 
l)rowii, 2,V71 
Boracic acid, 97, 177 
Borax, 22, 47, 48, 177 
test for metals, 178 
Boric a chi, 144, 177 
Boion, 148,^177 
Brass, 128, 181, 201 
Biazil wood, 106, 120 
Bremen blue, 15 
Brick, 42 

Briglitness of coloi*, 137 
Brilliant yellow, 25 
British gum, 205 

tliermal unit (Bf T. 

U.),*^161 
'Bromifles, 168 
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Bromine, 148, 168^^ 
Bronze, 128, 181 
blue, 2, 101 
Brown haematite, 93 
lake, h 
madder, 26, 84 
ochre, 26, 92, 94, 
pink, 26, 127 
ultramarine, 115 
Brim dc Caledonie, 31 
Bruno di’ Caledonia, 31 
Vandyck, *115 
Brun rouge, 95 
rosso, 95 

J?. T. II. ( British^ 41Micr- 
mal Unit), 161 
Bucktlioru berries, 107, 
127 

Bunsen burner, 144 
Burning, 158 
Burnt carmine, 27, 35 
aliz., 16 
ochre, 95 

Boman ochre, 27, 95 
sienna, 27, 31, *52, 
59, 66, 106. 109 
Terre Yerte, 28, 110 
umber, 25, 28, 32, 59, 
104, 108 
white lead, 82 
Butane, 195 
Butea, 64 

(\idmium, 148, 188 

chloride, 21^. 30, 188 
hydroxi<fe, 30 
nitrate, 188 
orange, 28 
oxide, 29, 188 
red, 31, 105 
selenidc, 31 
.sulphate, 29, 188 
sulphide, 28, 188, 

192 

yellow, U 25, 28, 38^, 
41, 47, 50, 54, 63, 


73, *87, 92, 96, 106, 
123, 142, 188 
• citron, 28 
deep, 28 
light, ^8 
lemon, 28 
medium, 28 
Calamine, 128 
Calamus draco, 52 
Calcined ochres, 92, 95, 
116 

magnesia, 190 
polish, 176 
4'alcite, 125, 179 
Calciutn, 144, 148, 151, 

178 

alumi’iaie, 181 
carbonate, 62, 71 

115, •l25. 170, 179, 
181 

chloride, 180 
duoride, 169 
h,\ dioxide, 179 
magnesium silicate, 
19 

cMrb«|natc, 123 
nitrjatc. 167, 180 
oxide, 179 
jihosyhale, 71, 171 
silicate, 177, 181 
s«ilphate, 62, 123, 

165, 180 
aiihidrous, 62 
liydrated, 61 
Calc .sptir, 125 
(’aledoiiian brown, 31 
English, 31 
Calomel, 19<? 

(’alorie, 160 
Camplior, 205 
Cane sugar, 203 
Cappah, brown, 31 
Ca})UNine madder, 82 
(’api^f mortiiin, 64 
^Caramel, 203 
('arbohydrates, 203 


Cajbolic acid, 44, 198 
oil, 44* 

Carbon, 24, 32,^ 44, 49, 
59, 71, 79^ 101, 
113, 148, 151, 169, 
194 

Carbonate of lead, 122- 
basic, 49, 55, 

120, ftS 

of ^inc, lia.sic, 132 
(’arbonates, 170 
(*arbon black, 32, 79, 99 
dioxide, 33, 121, 123* 
158, 170, 198 
])reparation, 170 
Carbonic ^icid, J70 
monoxide, t71 
tetrachlori(Jf^l2, 197 
Carbonindimi, 177, 18.3* 
(’arboxyl gronj^, 200 
Carmin, 33^ * 

Caimine,* 17T 2^. IJ3, 43, 
72, 75, 8i>, 108, 

11 , :« 

• liiks, 39) 86. 108 
Nacarat,# 34 
volet. 120 
yellow, 127 
Carminic Acid, 33 
Carininio, 33 
(’arriers, 9, 74, *77 
(larthamus tinctorins, 107 
(’assel brown, 115 
earth, 3$, 115%* 
yellow, 90 
Cast iron, 183 
Catalytic •agents, 152 
Caustic, alkalies, 173 
potash, 40. 102, 118 
soda, 40, 102, 173 
(Ylluloid, 166, 205 
('cllulose, 203, 205 
Cement, 176, 181 
pipe fitters, 188 
natvral, 181 
Cendre Bleup, 15 

d ‘outrmcr, 111 
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9 

!euere blue, 15 

d ’oltremarc, 111 
ver(Jt‘, 53 

Jenizi de ultramiir, 111 
Cerulean blue, 35 
lake, 71 
k^ruse, 120 
Vrussa^,alba, 120 
k‘russc, 121 # 

Ti»lk, 73, 93, f02, 114, 
125, 170, 179 ♦ 

French, 191 
black board, 126 
drawiujr, 126 
red, 95 

’liarcoal, 198 ^ 

black, 24, 32, 49 

gr(f/,’ 36 

liemical changes, 146, 
149, 

eciuatioyf., 151. 152 
forinula, 152 
names, 156 
ruys, 135 , 

;.3u'mistry, elc'-nieiitary 
color, 14'6 
Jliessylite, 15 ' 

.'hilo Hiiltpetcr. 167 
^ 'll in a, 42 

^’hina clav, 9 , 42, 77, 113, 

114 

[Ihinese blue, 2, 36. 101 
t’hinejse orange, 36 
rslick iiVk, 80 
vermilion, 37. 117 
Avhite, 37, ,128 
Chloride of lime, 168 
salts, 167 

('hlorine, 148, 168, 185. 
197 

preparation of, 185 
Chloroform, 12, 197, 200 
Chlorophyl, 205 
Chlorplatinic, Acid, 193 
Chroma, 139, lii6 
Chromate of barium, 30, 

134, 187 
( 


Chromate — 

of lead, 30, 39, 187 
of strontium, ^30, 134, 
18J 

of zinc, 30, 134, 187 
radicle (ion), test 
for, 41, 187* 
(Mirome green, 37, 58, 97 
deep, 37 
light, 37 
, medium, 37 
lemon, 39 
ocliro, 94 * 

orange, 39, 40 • 

red, 18, 39. 46, 105 
stet‘1, 186 

yellow, 30, 37, 39, 57, 
58, 73, 79, 81, 86, 
91, 94, *96, 97, 124, 
134, 187 
' citron. 39 

(leci», 39 
light, 39 
Died i inn, 39 
zinc, i:W 
('hromgelb, 39^ 

('hromic acid, 3(|. 41, 186 
anhydride, 186 
chloride, 30 
oxide, 96. *98 
hydrated, ,97 
trioxide, 186 

Chromium, 148, 177. 186' 
greens, 1, 37, 96. 97 
I'inabre vert, 37 
Cinabrio v<*nle, 37 
Cinabro verde, 37 
Cinnabar, 52, 117, 190 
('innabar gr.'eii, 37 
('if.ic acid, 162 
Citron cadmium yellow, 
28 

Citioiieiigelb, 80 
yellow, 133 

Clay, 38, 12. 59, 93/ 102, 
109, 113, 123, 126, 
128, 133, 176, 181 


iiiuuuiiiig, •i'a 

.pipe, 42 
porcelain, 42 
C3uya^ red, 183 
C'oal, 170 * 

43 

oil, 196 

tar, 43, 90, 106, 197 
alizarin, 16, 3^, 

43 

colors and dyes, 
*^43, 90, 201 
])itch, 21 

Cobalt, 49, 148, 177, 187 
f.rsenate, 46, 48 
blue, 46, 47, 51, 59, 
109, 120, 187 
carbonate, 46 
chloride, 35, 47, 187 
glass, 109 
gri'cii, 1, 47 
nitrate, 35, 187 
oxide, 22, 46, 47 
|)hosj>hate, 46 

anhydrous, 48 
red, 48 
sulphate, 187 
\iolets, 48, 59, 88 

yello^\, 22, 49 
Cobaltoiis oxide, 35, 46, 
47, 98,* 109, 187 
Cubalto violeta, 48 
('occigranum, 73 
('occus eacti, 33 
llicis, 72 

I.-ICCJ^, fvl 

Coehineal, 9, 22, 27, 33, 
43, 72, 74, 75, lOS 
carmine, 27, 3J1 
gray and black, 33 
Cieruleum, 35 
Coke, 43, 198 
('olcothar, 64 
(’ohl colors, 138 
('i'dinblau, ►JB 
,('ologne sjdrits, 198 
('olloidal suspensions, 205 
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Clodion, ^ 

Cologne earth, 49/ !!» 
Color, 185 • • 

advancing, 138 
Color-bliTK^ 141 • 

briglitncss, 187 
(‘liciiiistry, 148 
cold, 138 

complementary, 136, 

139 

constants, 139 
contrast, JS7 
fire work, 144 
fluorescent, ]44 
him, 137, 139 
inherent, 138. * 
inten.dty, 139 
lights, 140 
luminescent, l-tl 
luminosity, 139 
negative, 140 
opa(jiic, 143 
]>hosplion‘seent, 144 
positive. 140 
I (rimary, 136 
](urity, 137 o' 
pyro 1 echni({ue, 144 
retiring, 138 
satuiated, 139 
Si'alc of bright ru'ss, 

140 

^ecoButary, 136 
sensation-^, 138 
sliade, 139 

shiSMi, 143 

surface, 143 
tertiaryf A 6 
theory, 135 
tint,^ 139 
lone, 139 
transient, 138 
• transparent, 142 
value, 139 
warm, 138 
Ctlored glass, 177 
C<»lors, sulphur, 192 
Comlmstion, 159 , 


CoinAercial whiting, 126 
Common glass, 177 
salt, 168 
sugar, 203 

(Vnnplementary^ colors, 
136, 139 

^ Comj^oimd Hui) 8 t{inces, 146 
Concrete, 181 
Cones, 140 
Constant white, 100 
('ontrast of color, 137 
simultaneous^ 137 
of tone, 138 
(’opal resin, 57 
•(’opiuMv, 29, 33, 42, 55, 96, 
*116, 128, 144, 148, 
, 167, 177, 187, 189, 

201 

acetate, 116, 187 ’ 

di and tri-basic, 
116 

arsenite, 53 
blue, 15 

* carbonate, basic. 15 
liydroxide, 15, 183, 
'l87 

nitrate 187 
sulphate, 15, 54 , 164, 
187, 204 
9 finh\dr<ais, 164 
test for .53, 55, 117, 
‘ 18S 

Copperas, 65, 102, 1K4 
' oral, 125 
Cork tdack, 49 
(Corrosive sublimate. IJHt 
Ctirulium^ 35 
Corundum, 183 
Cotton, 2Utf 
Crap lakj, 84 

Jakes, aliz., 16 
(’reniiiitz iihite, 49 , 55 , 
120 * 

Cresyls, 44 

(^rt^sote oil, 44 
I (’rimson lake, 33 , 108 


CrociPk, 107 
* sativu^, 107 
Croton, 64 
Crown glass, 177 
Crude naphtha, 4i 
(■rrstalline verdigris, 116 
Crystallization, 164 
Crystal soda, 175 
Cupric aeeto-arsjnite, 53 
(irsenite, 53 , 55 
Cuprous oxide, 204 » 

* Cuttle fisa, 108 
Cyanide of potassium, 101 
Cyanine, 51 
Cyanogen, 101 
blue, 101 

Cyjjress green, 51 
C\prus gi-eeii, 51 
limber, l(f4^ 

DafiTodil, 28^* 

Dalton*'# lutomie nyjioth- 
sis, 150 
first law, 149 
Dark rass, 136 * 

’Daveys»graV, 51, 98 
Deeomjtositidn, 153 * 

Deep cadmium yellow, 28 
chrome green. 37 
yellow, 39 
cobalt violet, 48 
Delft blue, 52" 
Delicpieseent, 164 
Denatured aleoliol^ 199 ' 

Derby red, IH ** * 

1 test ruet i ve distillation, 

198 

of i\o(»d, 198, 

201 

Detection of basic iron 
siilpliate, 66 
chlorine ion, 125, 167 * 
clii ornate radicle, 41, 
187 

copjier, 53 , 55 , 117, 
ISH 

dy<‘s, 12, 45 
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gypsum, 62 
hydrochloric atid, 
168 

iodivcj 169; 206 
iiL?taIs; borax, 178 
jiietals, 144 
soluble impurities, 13 
starch, 78, 169, 206 
sugar (glucose), 201 
sulphate ion, 
radicle, 'i 66 
Dextrine, 206 
T)cxtroae, 204 
Diabetes, 205 
Diamond, 144, 170 
Dichlormethane, 197 
Dilute acids, 1 C 3 
Direct combination, 153 
Direct d^es, 77 
Di-sodium phosphate, 4 S 
Dissociaticji, 154 
Distillation, llJl 
destructive, 198 
fractiomil, 43 , 196 
DistilLd verdigris, 116 
water, 161 
Divalence, 152 
Douhle nitrite of cobalt 
and potfissiuni. 22 , 
49 

replacement, 164. 174 
silicate of calcium 
and copi»er, 63 
Dragoiy's blood, 52 
Dra^viijg chalk, 126 
Drop black, 24 
Dumont’s blue, 109 
Dutch pink, 60, 127 
Dutcli -process white lead, 
50, 55, 120, 121 
white lead, 50, 55 , 
120 

Dyer’s weed 127 
Dyes, 43 
Dynamite, 166 

Karth pigments, 92, 116 


Effervescence, 471 ' 
Efflorescent, 164 
Egg shells, 126 
Egyptian blue, 63 
Electric fuses, 190 
Electrolysis, 181 
Electrolytes, 154 
Elementary color ehem- 
i.stry. 146 

Elements, 146, 147, 148 
atomic weights, 148, 
460 

divalent, 152 
equivalent weight, 

149 

metallic, 148, 149, 
162, 173 

metalloids, 148, 149. 
162 

non-metal,’ 148, 149, 
162, 164 

Veacting weight, 149, 

150 

specific gravity of 

148 

symbols of, 148, 160 
table of, 148 
valence of, 148, 162 
Klfenbeinschwartz, 71 
Emerald green, 1 , 30, 53, 
117 

oxide of chromium, 

97 

Em<‘raude green, 37, 38, 
48, 66 , 97 
Emery, 181, 18?] 

E n g 1 i s h Caledonian 
brown, 31 

vermilion, 37 , 117 
white, 126 
Enzymes, 204 
Eosine, 18, 45, 58, 119, 
144 

EpMnu salt, 190 
Equations, balance, 153 
chemical, 161, 1L2 
reversible, 153 


Equivp^eilt wei^t, 149 
Erythrosine, 68 

EstvTs, 202 
Etching glass, 169 
Ethane, 195 
Kther, 12 , 808, 205 
l>etroleum, 196 
Ethiireal salt, 202 
Ethiop’s mineral, Hg 
Ethyl acetate, 203 
alcohol, 198, 204 
Ethylene series, 196 
Ethyl oxide, 203 
Euxanthic acid, 67, 68 
Extenders, 9 , 43, 74. 7^ 

Pace powder, 19, 35 
Eats, 169, 202 
Eatt.y acids, 202 
Fehling’s solution, 204 
Feldspar, 176 
Ferments, 204 
Ferric chloride, 11 

fcrrocyanide, 36, 101 , 
186 

hydroxide, 102 , 184 
oxide, 64, 65, 92, lOG, 

184 

liydraled, 66 , 92, 

184 

Ferricaiiide of potassium, 
102 

Ferrocyanide of potap- 
imn, 101 , 184 
F(Mto manganese, 186 
Ferrous ferrieyanide, 103, 
186 

oxide, 183 

sul])hato, 65, 101, 

106, 184 
sulphide, 192 
taiinate, 184 
Fertilizer.!, 167 
Feiiriges chromoxyd, 66, • 
97 

Ficus, 64 
Finger nails, I 77 
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IHre, 158 

(lanip, 195 

(‘xtijij^uishar, 17f, 176 
Fiiv-proof (‘ottoii pfoods, 
1H9 • • 

Firo-Avork colors, 144 
Flake Avhite, 55 , 120 
Fhinic I’c.'ictions 144 

tost for inotfils, 144 
•Floisliockor, 56 
Flesh ochre, 50, 92 
Flint, 177 ^ 

Kkiss. 177 

Flour, 56 

J^’lowers of sulphur, 29 . 

191 

Eliuirescenci', 144 
Fluorine, 148. ] 6 S, 109 
Fluor spar, 144. 109 
Fools' ^olfl, 111 
Floriiiuinifera, 125 
FonuahlehAde, 2(M» 
Fonualiu, 200 
l'’oiuiiil;i, cheiuic.’il, jf ,2 
«:i-apliic, 194 
structural, 194 •* 
Fractioiur! distillation, 4 : 1 , 
190 

riankfort Idack, 24 
Frankfurter Schwarz, 2t 
Fraunhofer's liin's, 136 
French Idue, 1 I 2 
ehalk. 19, 191 
ochre, 92 

Fnuich-pi-ocess zinc while, 

CM. , 

ultr-auurtine, 112 
Aeriuiliou, 37 , 117 
ziuc, 128 * 

l•’ruct()S(’, 200 , 204 
Fuchsiiie, 44 
Filler’s eai’th, 42 
Fuses, 190 
Fustic, 75 

(!#lena, 00 . *125, 188 

( J jt'n II i'/ii.r il'/tu 100 lUj 


(lauTl) 0 g(* 38, 60, 63, 142 
(jainho^ium, 56 
(lauK^l^e, 90, 111 
(la ranee briiii rouge, 26 
('•araijce brnug rossa, 26 
(iai-aiice losa, 84 
(lai'^nza roja j.arvhi, 26 
(laicinia tre<‘, 56 
Carnets, 170 
Cas, 198 

black, 32 
(lasoline, 190 • 

( !as pi’oof piguu'uts, 6 
debaniftr' CiiuMie Krde, 
. 28 

C(‘bi‘*nnter Ocker, 955 
(!(‘brauntt‘ Sienna, 27 
(lebrannte rinl.ia, 28 • 
(lennine nltrainariin*, Ilf 
\ennifion, 105, 117 
Ceranininlaek, 58 
(lei-aninm lake, 58 
(i Cl man si her, 181 
Cialla (li barite, 80 
"Cinllo di cadinio, 28 
di cioino, 39 
di Xai.oli, 91 
di s^-on/iana, 80 
ditinco, 133 
irnbano, t )7 

(hi. 1 ms white. 125. 120 
(ilacial acetic acid, 2(1 
Clns^. 177 

bi’iitl Ir'st, borax, 17S 
coh ii'd, 177 
common, 177 
crown, 177 
etcliing of, 169 
(lint, 177 
opaI<‘sc(*nt, 109 
wiinhof, 177 

(Jlaiibci .salt, I'Ol, •U.i. 

175 

Clow-wot m, 145 
Clnco-e, 198, 203. 2|14 
(llvtyrine, 188, 198. 202 
(llAftuol, 198 

• 110 


(iokf, 148, 167, 17'7, 1.W, 

•19.1 

(t olden ochre, 94 
(loldocker, 94 • 

(lomaguta, 56 
(Joiiia gutta, 56 
Coiiiina gutta, 56 
(Joiumegutte, SO 
(Juiiiuiigutt, 56 j 
Crai^i alcohol, 198 
(lrallit^ 170 
(Jiape sugar, 204 
(Jra|dnc formula, 194 
Craphite, 24, 59, 170 
Cray cochineal, 3,3 
ultramarine, 11 ; 

(been bi^-e, 87 

blue oxirie, 98 
copper cruil Inmate, 87 1 
earth, 28, 110 , 

lakes, ligl^t, medium, 
<]^eej^, ^0 

sj-ales, •185 

m‘.m 1 zinc oxide, 133 . 
nt+ramaiiue, HO, HH 
\efdit(w, 87 

\(‘i miboii, 37 

^Mtrioi, 184 
vJiigio carbon, 36 
<li Fayne, 98 
Cns de charboii. 36 
de carbon ,#3 6 
de J’ayue, 98 
Cruenerde, no 

Crueiierlack, 60 
Ciueues (diromoxyd, 90 
Ciueuspan, 110 
Cuiguet #gremt, 97 
Ciiimet 's blue, 112 
(iuii cotton, 100 , 205 
soluble, 20'5 
(h'jlas, 67 

CAP''"'", 61, 73, 77, 93, 
102, 109, 114, 123, 126, 

. 180 

polish, 19 
spar, 61 

(<*Mi ff»r 
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IIfi'ma*cite, 65, 93, 9^ 
Halogens, 168 « 

Hard water, 161 
Harrison red, 66 
Heat riys, 136 
Heavy oil, 44 
spar, 100 
Helium, 148 
Heptane,^ 195 
ilexadeeane, 195 
^exane, 195 

^looke^^s green, light and 
,deep 57, 63 
Hookcrsgrueu, 63 
Hue, 137, 139 
Hydrargyniin, 190 
Hydrated aluiiiivuin sili- 
eate, 42 

ealei^iijR suljthate, 61 
(‘hromie (»xide, 97 
ferrie pxiile, 66, 184 
iron oxi(^e, ^26, 31, 
92, 181 

magnesium silicate, 

19, 191 

metasiliejv^', 1,9 
oxide ol'iiion, 80, 89, 
92 

chromium, 37. 
48, 55, 97 
Hydrat<‘s, 162, 164 
Jlydrocarlyins, 44, 109, 

195 

Hydrochlorie acid, 11, 

' 114, 167 

test for, 168 
Hydiadluorie acid, 169 
Ilvdrogen, 147, <148, 194 

ehlorid**, 167 
Huoride, 169 
selenide, 31 
sulphide, 29, 122, 

192 

Hydrolysis, 175 
Hydrolyze, 204 
Hydro-silicate of zinc, 
128 

‘Ilvdroxides, 102, 173 
^ * 


Hydroxyl groupf 178,*198 
Hygrometers, 187 
Hygroseopie, 161, ^64 

Iceland spjir, 125, 179 
Illuminating gas, 198 
Imitation vermilion, 18 
Imlanthrenc, 44 
Indian lake, 63 
aliz,, 16 
purple, 64 
red^64, 95, 184 

yellow, 67 
Indican, 69 
liidico, 68 
Imlicum, 70 

Indigo, 22, 52, 57, 68. 

92, 96, 98 
Bengal, 68 
brow n, 69 
earniine, 68, 70 
\\nthetic, 44, 70 
leil, 69 

wliite, 69 
Indigofera, 68 
I ndigotin, 68 
Indireel juoeess zmc 
white, 130 
Indischrot, 64 
1 ndisc'hgelb, 67 
Jnheient c.dois, 1.3S 
Ink, 108 
stick, 80 
writing, 184 

Insecticide, 55 
Intense blue, 68, 70 
Intensity, eolor, 139 
Invertase, 204 
1 n\ert sugar, 204 
lo<bdes, 169 
lo(line, 148, ll»8 

.est for, 169, 205 
ti net lire of, 169 
loiloforin, 200 
Iridium, 148 

Iron, 29, 33, 42, 92,^101, 
126, 146, 148, x54, 
177, 183, 192 


‘*ask fg3 

hydrate, 27, 28, 66, 
» 89,* 92, 95 
hydroxide, 92, 95, 

,103, 110^ 183 
oxide, 27, 42, 56, 04, 
89, 92, 94, 96, 
102, 104, 115, 
116, 119, 183 
deep and violet,, 
64 

liydrated, 26, 89, 

h 

Ity rites, 111 
Just, 146, 183 
siVeate, 110 
^itriol, 101 
wrought, 183 
I sat in, 69 
Italian Idiie, 71 
oi'hre, 71 
l>ink, 60, 127 
sienna, 27 

hory blaek. 24, 25, 32, 
36, 71, 79, 98 

danne Hiilliant, 25, 30 
(1 ’Ant iinoine, 91 
de baiyte, 80 
de ('admiiini, 28 
de <'hronie, 39 

de ('obalt, 22, 49 
de Naples, il 
de strontiano, 80 
de zine, 133 
Indian, 22 
indien. 67 
l\o\al, J,6 

Kadmiiinigelb, 28 
Kaledoinsh Braun, 31 
Kaolin, 42 
Kaj>i>ahbraun, 31 
Karin in, 33 
Kernies berries, 73 
Kermes lake, 72 
Keiosene, lv4, 196 
Ketones, 3i()0 
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KfiBselgulir, 42** 
Kindling temp^aturel 
158 • 

Kings blue, 46, 109 
y^llov^i 39, 41, ^3, 96 
Kobaltblau, 46 
Kobaltgelb, 22, 49 
Kobalt Griieii, 47 
Kobaltviolot, 48 
Koenigsgelb, 96 
Kohleiiachvvarz, 32 
Kraj)xilaek, 

KreinK*r\\(‘iss, 49. 120 

I^nc, 8, 9, 63, 74, ;75, 78 
Laca auiarilla, iS: 

Laca (le garanza 84 

do garanza cpnnois, 
16 

(Ic geranio, 58 
cscarlata, 33, lOS 
Ncrdc, 60 
Lacca, 9, 78 

d ’alizarni creiiusina, 

16 , 

di garancc, 84 
geranio, 58 
gialla, jamn', 127 
scarlatta, 33. 108 
Verde, 60 
Lae d\^, ^4 

lake, 03, 78 
Lactic, acid, 202 
Ijake, alizarin, 1, 10 
bliK’, 16 

fnii^it* tannine, 
16 

carmine, 16 • 
<‘oa] tar, 35 
crap, 16 
crimson, 16 
green, 16 
jndian, 16 
inadder, 16 
<»liv4(, 16, 95 
orange, 16 


»ak(*, alianrin — 

rose madder, 16 
sap green, 16 
scarlet, 16 
velloA^iy 16, 68 
aniline violet, 86 
j)rown, 23 
brown pink, 26, 127 
ca})UHirie madder, 32 
carmine, 17, 33, 108 
cerulean blue, 71 
Chinese ora»ge, 36 
colors, 58, 74, 100, 

Ac, 182 , 

crajt, 84 
ctimson, 33, 108 
Dutch pink, 60, 127 

geranium, 58 
green, 60 * 

Harr lion red, 03 
Indian, 03 

puriile, 64 * 
Italian lilue, 71 

pink, 60, 127 * 

Kerines, 72 
lae, 03 

inad 4 ler 17, 84, 106 

bnnMi, 26 

• . 

carmiJH*, S4 

niagtmla, 80 
maine, 90 
oli^-, 95* 
green, 95 

pel manent crimson, 
• 16 

violet, 16 

pigments, 8, 44, 58, 
74, 116, 182 
pink madder. 84 
purph , 33 ^ 

tjiiereitron, v.t 
rose c.artliame, 100 
^ Doree, 84, 100 
madder, 8*4, 106 
deep, 84 
1)0 


Rubens iiiadddi, 84, 

106* 

safflower red, 107 
scarlet, 33, 408 
crap, IJ • 
lurquois blue, 71 
vcnietian bine, 71 . 

scarlet, 72 
violet, 90 # 

* ciaj), 16 
yeflou, 26, 95, 127 , 

carmine, 127 
madder, 127 • 

l.amp black, 32, 36, 51, 
52, 79, 90, 99, l(l8 
Jiainpenschvvarz, 79 
La]ds laAiili, 90, 111 
blue. Ill 

Ijatjue d'alizfikine car- 
niio^e, 16 
de garai^t-, 84 
<lt‘ 127 

ecarlate. 33. lOS 
geranium. 58 
^elt. 60 

j| # 

L:isur.sf<‘iiL 111 
imughing gas, ico 
Law* of deiiiiitc propor- 
tions, 149 

Lead, 29, 96. 118, 121, 
148, 18S, 189 
Lead acetate, 39, 40, 121, 
124, ISS 

basic, 1 n8 

• * • 

antimoniate, 91, ISO 
black, 00 
carlt)iiate, 122 

basic, 49. 55. 

120, 188 

chloride, 41. 167, 1S8 
basic, 90, 124 
chromate, basic, IS, 
39 

neutral, 39, 73. 
124, 187 
dioxide, 188 



220 


INDEX 


"l^/droxidc , 112 
basic,, 122 
lijioleuto, 82 
luonpxidc, 82, 105, 
124 

nitrate, 188 
oxides, 82, 124, 188 
{leiicils, 60 
lieroxide, 106, 188 
silicate, 177 
soa]>, 82, 122 
sulphate, 18, 29, 60. - 
123. 125 188 

basir, 125 

neutral, 3 25, 
165 

Milphi.h', #*0. 122, 

ISS 

whit^ 120, 131 
1 ejuled zinc oxide, 133 
Leiteli \s »“>1 

Jj(‘Ui(m ea<liui’uu \eil(»\\, 
28 

elirome. 39 
xe’Uiw, 41, 63, 80 
J.evi^ation j'loi-e'-.^, 120 
J.Wditer (Jckei. 94 
Light Cadnnum ullou, 
28 

(du'ome gieeii, 37 
vellow, 30 
cobalt \iolet, 48 
colored, 140 
Light iiing-bug, 145 
Liglit* oclin*, i)2 
oil, 44 

red, 59, 05. 92, 95, 
184 

Jiigiiite. 115 
Lime, 43, 71. 179 
blue, 15 
milk of, 179 
]/mie pioof j)igiiH u s, 7 
slaked, 179 

Limestone, 125, 170. 179. 
181 

w.ater, 11, 179 


Limoiiite, 26, 

Linen, 205 
Liquid sepia, 108 
Litliarge, 40, 82, 91. 105. 

124, 188 

Lithium, 114, 148 
Lithopone, 41, 82, 100 
Litmus, lOJL 174 

l>aj>ers, H, 103. 168, 
174 

li<»g\vood, 9, 75 
Lumiiies'ent, 144 
iiiimiiiosily, color, 139 
Lu*. 102, 173 
Lnujute, 93 » 

Mjidder brouii, 20. 84 

caimiiu', 84 

' lakes, 17, 64, 81. 106 

];ike all/.., 16 
I'xtra dee{), 84 
puijdc, 20. 81 
root, 16, 26, 43, 74, 

’ 75. 85. 106 

xcDow, 127 
Magenta, 80 
M agues a, 191 
calcined, 190 
white, 190 
.Magiu'site, 133, 191 
Magnesium, 14S, 190 
cailxnrite, 114, 19tt 
chloiole, 191' 
euxanthate, 67 
oxide, 191 

silieute, 19 

hvdiated, 191 
sulphate, 190 
Malachite gremi, 87 
Malachitgruci , 87 
Mai 4 ^a nates, 185 
Manganese, 33, 42, 8.S, 
114, 148, 177, 185 
borate, 180 
dioxide, 88, 181*^ 
oxiile, 28, 31, 42„^4S, 
88, 104 


violc:,'88 
Riaple sugar, 203 
'vfarMe, i26, 170, 179 
dust, 125 
lijilish, 19, 191* 

Mars brown, 89, 93 
colors, 89, 93 
orange, 89, 93 
red, 89, 93 
violet. 89, 93 
.vellow, 89, 93 
Marsh gas, 195 

series, 195 

Massicot, 82, 124, 188 
Mauve, 44, 45. 48, 90 
1[ (Idiiish), 90 
Mauvein, 90 

Maxwell \ color disc, 137 
M(*<lium cailmium yidlow, 
28 

idiroiiic green, 37 
yellow, 39 

M(‘ers(diaimi, ]9. 170, 191 
Mennige, 104 
Meri'uric chloride, 103, 
120. 190 
iodide, 103 
sulphide, 37. 117. 

190. 192 

\rrmilions, IS, 37, 

117 

M('i(‘ui(uis chloride', 167, 

190 

^ Mi'iciiry, 117, 147, 148. 
167, 190 
bh'iid, 117 
Mi'tallohls. 149, 162 
jKil’sh, JM» 

Metallic elements, 148, 
149, 162, 173 
Meta-silicic acid, 170 
Methane, 195 
Mi'thyl alcohol, 198 
Methvlgrccn, 45 ' 

Mica,* 170 
Middle oil, 44 
Mild procesi. white le*d, 
.121 
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MUk of lime, ijl 
sulphur, 191 
sugar, 202 
Milori blue, 2, 103 
Mineral bijie, 19, 191 
gt'ay, 90 
green, 58, 87 
orange, 104 
})igmeuts, 10 
pitch, 20 
Minerals, 181 
violet, 

\'hite, 61, 125 
yellow, 90 

Minio, 104 

Minium, 82, 104, 1^0, 124, 
188 

Mil is green, 53 
Mittler ’s green, 97^ 
Molasses, 208 
Modeling (day, 42 
Molecule, 150 
MonochlormethaiK', 197 
Mordant, 7 d, 78, 183 
dyes, 77 

Mortar, 62, 176, 179«* 
Moth-balls, 44 
Mother of vinegar, 201 
Mountain blue, 15 
green, 87 
Mu<'ilage, 205 
MuintiiA* 5o, 21 
Muriati(' acid, 167 

Xacarat eannine, 34 
Name, chcmit'ul, 156 
Naphtha, 4Jt 196 
Naphthalene, 44 
Najdes y*dlow, 25, 30, Si. 
189 

Xascent chlorine, 167 
^ *oxygen, 168 
\atJve* raw earths, 92, 

115 

^jftural cement, 181 
• coloriiijg^inatters, 75 
earths, 92^ 


ochre*, 92 
red ochres, 94 
w^ter, 161 

S’aturalis historia, 15 
Neapelgelb, 93 # 

Negative colors, 140 
'iiegiio azulado, 24 
de carbon, 32 
de humo, 79 
de mardl, 71 
de Nueso, 25 
Nero bleustro, 24 
carbon, 32 
d ’a^oiro, 71 
fujiio, 79 

Neutftilization, 155, 

174 

Neutral lead chromatb, 
39 

suljdiJte, 125 
orange, 81 
potassium chrodiatc, 
49 

salts, 174 
tint, 92, 98 
Neutraltintc, 92 
Neuwied* blue, 15 
New blue, 92, 112 
Nick(df 148 
Nitrate .salts, I 66 
Nitric acid. n. 102 , 160, 
166 

Nitrite of cob;dt and 
potassium, double, 22 . 
49 

Nitmc(dJiil«'scs, 205 
Nitrogen, m, ^18, 158, 
159. 194 

Nitrogen Oxides 160 
Xitroglyeertne, 166 
.Noir d(‘ bougie, 79 
de charbon, 32 
de vigne, 24 
d*Jvorie, 71 
Noir^ bleuatre, 24 
NoAenclature of colors, 
10 


Non-electrolytes, 1^4 
N^-fiammflble cotton 
goods, 189 

Non-metals, 148yil49, 162, 
164 # 

Normal green, 54 
Nnernbergor violet, 88 
Nut galls, 184 

Ocm-e, 26, 27, 28, 42, 56, 
'56, 58, 65, 66 , 79, 
71, 77, 89, 92, 98^ 
103, 104, 106, iiy, 
184 

artificial, 89 
Inown, 26, 92, 94 
hni-T^t, 95 

Kouian, 27, 95 
calcined, 9 ^ 95 
chroni(‘, 94 
llnsh, 56, 52 
I-'rt^icli, 82 
golden/ 94 
Italian, 71 
light, 92 
iiftturaii, 92 
redf 94 
t)xford, 94 
Ionian, 94. 106 
trails, golden, 94 
yellow, 92, 94 
(h-ker roemisch, 94 
()(’re ainarillo, 94 
brniee, 95 
eolor ([^e carrll',^56 
de chair, 56 
de oro, 94 
de Homa, 94 
de Kome, 94 
d ’or, trails., 94 
jail lie, 94 
tostado, 95 
<hMia bniciate, 95 
di earne, 56 
di Koma, 94 
dorata, 94 
gijflla, 94 
Oil of vitriy], 165 
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:)jii C02 

Olefiant gas, 1R6 
Olefine series, 196 
Oleic aci(3, 7, 292 
Olein, f202 
Olive green, 95 

aliz., 16, 95 
lake, 95 

aliz., 16, 95 
Olivengrucn, 95 ‘ 

Oltreiiiare, 111 ‘ 

ehiaro, 92, 112 
giallo, 89 
Onyx, 177 
Opal, 177 

Opalescent glass, 169 
Opaque color, 143 

oxide of clironiiuni, 
37, v48, 59, 96 
Orange, cadniiinn, 28 
mineral, 104 
vermilion, 37, 117 
Ores, 181 

Organic acids, 200 

clieinistry, 169, 191 
pigments 10 r. 

Opciital Idiv, 112 
Orient yellow, 28 
Orjdinent, 42, 73, 96, 104, 
172 

Orr’s white, 82 
Orthorombic suljdiur, 191 
Ortho-silicic aci.l, 176 
Ossido di cionio verde, 96 
Outrein.'r, 111 
Outremcr clair, 92, 112 

jaune, 80 

Oxalic acid, 101 201 

anhydrous, 291 
sublimed, 201 
Oxford ochre, 94 
Oxidation, 154, 158 
Oxide of aluminum, 46 
of chromium, hy- 

drated, 55 
opaque, 37, 48, 
59, 9V, 190, 

186 


transparent,^ S'!, 

55, 59, 97, 190 
of colbalt, 46,^47, 48 
of iron, 27, 28, 92, 
.94, 184 

hydrated, 26, 28, 

89, 92,^ 95, 

184 

of lead, 82. 104, 124, 
188 

of magnnese, 28, 48, 
31, 42, 104 
of zinc, 37, 128 
led, 64, 104 
Oxides, 158 

of nitrogen, 160 
acidic, 162 
basic, 162 

Oxidizing agents, 166, 
168, 186 

Oxido de croirio \orde, 96 
Oxychloride of lead, 90 
0\yd«* vert de chrome, 96 
Oxygen, 33, 111, 121,147, 
148, 158, 194 
Oyster shells, 125 
Ozom*, 159 * 

Palmitic acid, 202 
]‘abnitin, 202 
1‘annetier’s green, 97 
J’aiicr, 2oi 208 * 
I’aiatriii, 196 
oil, 144 

series, 195 • 

Pardo d(; Caledonia, 31 
de Cappah, 31 
rojo, 95 
Vaiidyck, 115 
VurU blue, 2, 101 
green, 5S, 55 
red, 104 
uhite, 9, 125 
yellow, 39 
Payne’s gray, 98 
I*each black, 99 


reacocK mue vAim. wiuvj/, 

Ni . 

, *ea< is, 125 
i’entanc, 195 
Pcrfiumos and flavors, 203 
Perkin ’s violet, 90 
Permalba, 23, 25, 30, 66, 
86, 92, 99, 122, 123, 
132 

Permanency of pigments* 

8 

I’ermanent primson, 16 
blue, 112 
green, 100 
\ ermilions, 1 
\ i'olet, 88 
lake, 16 
^^hite, 99, 100 
ydlow, 80, 81 
J*(‘rmangaiiatcs, 185 
J»er.sian berries, 9, 127 
red, 18, 64 
INdrol, 196 
Petrolatum, 196 
I’etrolcum, 44, 195 
ether, 196 
l><‘wter, 189 
Plumol, 198 
Plienols, 44 
Phosphorescence, 144 
i*hos[»hori(* acid, 46, 8b, 

171 

oxide. 171 

] 'liosphorus, 144, 148, 171, 
194 

pentoxide, 171 
red, nr. 
white, 171 

Physical change, 146 
Pigments, 5, 15, 141, 143 

adjective, 8 
acid-resistant, 7 
alkali-proof, 7 
earth, 92 
gas-proof, 6 
lake, 8, 74 
lime-proof, 7 
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mineral, jW 
nomenclature, of, 
org^anic, fO 
permanency of, 8 * 

• raw^earth, n 
substantive, 8 
rink madder, 84 
Pipe (day, 42 

fitter's ceimuit, ]88 
► Pitch, coal tar, 21, 44 
mineral, 20 
Piuri, 67 ^ 

Plaster of Paris, 62, 180 
Plastic, clay, 43 
sulphur, 191 
}*lMt ilium, 148, 1^7, 193 
IMiiiy, 15 
Plumbago, r»9 
Polish for gJl>suin, 19 
for marble, 19, 191 
Pompeiian red, 64, 66 
Porci'Iain, 42 
(day, 42 

Positive colors, 140 
Potash. 109, 176, 182 
calcined, 176 ,• 
lye, 173 

Potassium, 114, 144. 148, 

173 

acetate, 39 
alum. 182 

l^iciiromate, 80, 97- 

ISO 

borat(', 97 • 

carbonate, 170, 176 
chromate, 186 

ijeu4 ral, 40, 80, 

186 

cyanide. 101 • 

dfc.hromate, 186 
ferricyanide, 102, 18r> 
ferrocyanido, 11, 101, 
102, 184, 18r> 
acid, 54 

hydroxide, 40, 173 
iodid^ 103 
mangaiiatc, 185 


niti^te, 167 / 

permanganate, 185 
silicate, 176, 177 
^tannate, 35 
sulj)hide^ 104, 118 
water glass, 176 
Pottery, 42 

Precipitated c'-ialk, 77, 

125 y 

Ib'escrNwtive, 177 
I’reussitdiblau, 101 
Primary, colorg, 196 ^ 

Prismatic spectrum, 135 
stlphur, 191 
Propane, 195 
Prc4eins, 170 
[‘russian blue, 1, 2, 19, 
37, 38, 51,' 52, 
57, 60, 61. 1)3. 
96, 97, 101. 
no, 114, 117, 
142, IST) 
soluble, 101 
lu’own, 102 
green, 57, 63 
I'nis^iate of potash, red, 
• 102 

yellow. 101 
]’ur^ scarlet, 103 
i’urit} of color, 137. 139 
Purple hake, 93, 48 
waddei*, 26. 84 
Purjuirin, 16, 84 
Purree, 67 
I'ultv, 126 

Pyroliirneous acid, 201 
Pryotectini(| u , 144 

(Qualitative test bf i»ig- 
nients, 11 
Quartz, 177 
(Quercitron, 127 

bark, 26, 43, 74. 75 
127 

lake, 26 

rQuicklime, lk,6, 179 


Qu«k -process w'hi^(#Iyid, 

, 55, 121 

Quicksilver, 117, 147, 190 
vermilion, 50, 117 
Quills, feather* 177 
Radicles, 155, 456 
acid, 163 

Radicle, ammonium, 178 
Radium, 148 
K|Linbow', 135 * 
Rain-water, 161 
Raw earths, 92 • 

Raw Hienna 27, 42, 58, 
66, 71. 94, 96, 403 
umber 28, 31,^32, 42, 
104 

Reacting weight, 149, 150 
Reagents for testing, 11 
Realgar, 104, 172 
Rebcnschwar;?^ 24 
Red chalk, 95 
(day, }*,I3 
liftuifi^^ite, 95 
iron ore, 95 
oxide, 64 
stone, 05 

read,* IS, 59, 77, 104, 
us! 119, 120,»188 
litmus paper, 11 
ochre, 65, 94 
natural, 94 
oXide, 64, 104 
of *103(1, 188 
jthosphorus, 171 
})russiate of potai^i, 
lOfi. 185« • 
seal zinc oxide, 133 
ultramarine, 114 
Reductng agent, 189 
Reduction, 154 
R(‘tina (eye), 140 
Retiring colors, 138 
Reversible equations, 153 
Rhamines, 127 
Rinmann’s green, 47 
Rochelle salt, 204 
Roclf candy, 203 
common, 176 
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^Ajiptal, 177 
Kods, 140 

Rohe Sienna, ol, 108 
Rojo de Venecia, 64 
indi^no, 64 
vagetul, 107 
Roll sulphur, 191 
Roman ochre, 94, 106 
sepia, 106, 109 
Rose cartlVame, 106, 10^ 
Doree, 84, 106, 
aliz., 16 

madder, 84, 106 
deep, 84 

pink, 106 

Rosso di Saturiio, 104 
di Venezia, 64 
indiano, 64 
vegetale^^ 107 
Rotten gn^/i’te, 43 
RoVige, 64. 106, 184 
do Venii^f, 64 
indien, 64« ‘ 
vegetal, 107 
Royal blue, 109 
scartet, 103 

Ruben’s niad<ler, 8-j(. 106 
Rulba tinctoriuin, 85 
Rubica, 95 
Ruby, 144, 181, 183 
Ruddle, 95 

Wiist, Iron, 146, 183 

Saccharose, 203 
SVfforot, 107 
Safflower* red, 107 
yellow, 107 
Saffron, 107 
Saftgriien, 107 
*Sal ainnioniac, 91, 114, 
178 

Salt, table, 168 
chloride, 167 
common, 168 
Saltpeter, 167 
Salts, 163, 173 

alum! nates, 182^ 
carbonates, 170 


bromides, 1^8 
ethereal, 202 
Epsom, 190 
(Slaubcr, 101, *'113, 

175 

iodides, 169 
manganates, 185 
neutral, 174 
])ermangana^<^es, 185 
Rochelle, 204 
zinc, 180 

Sand, 43,^ 9-3, 126, 177, 
179; 181 
stone, 177 
Sap grt'en, 107 
aliz., 16 

Saphir (sap]diire), 111, 
181, 183 

Saponification, 202 
Saturateil color, 139 
Saturn re<l, 104 
Sa'^^on, blue, 2, 101 
Scale of brightness, 140 
Scarh't antimony s\d 
phi<le, 120 
• crap lake, 16 
lake, 33, 108 
vermilion, 37,^17 
S(‘harlachrot, 33, 1(W 
Scheele’s green, 53 
Schweinfurt gieen, 53 
Schwerspatweiss, 100 
Secondary colors, life 
Selenium, 115, 148 
Sej>ia, 106, 108 
fish, 108 
licpiid, 108 
loligo, 108 
otticinalis, 108 
Rolnaii, 106^ 109 
Sepia, Warm 109 
Shade,* 139 
Sheen, 143 
Shells, 179 
’ Siccatif,’82 
.Sienna, 66, 71, 94 
Silex, 177 


Silica, 35^2, 43, 69, 9», 
109, fiZ, 123, 133, 176 
SiHea^c o4 alumina, 42 
of ealeium and c(»p- 
l^er, double, 53 
of iron, 110*^ 
of ])otassium ami 
eobalt, 109 
Silicie acid, 176 
Silicon, 111, 148, 176 
carbide, 177 
dioxide, 176 

Silver, 148, 167, 177, 193 
chloride, 167 
(lermaii, 181 
Jiitrate, 12, 167 
ultr’jr.narine, 114 
white, 82, 120 
Simple reidacement, 153 
Si mult T^oous contrast , 

137 

Sinopis, 95, 117 
Sky blue, 23 
Slal) zmc, 130 
Slaked lime, 179 
Slaking lime, 179 
Slate, 176 

grey, 51, 98 
Siiialt, 109 
Snow white, 128 
Soaj», 202 

Soa])stone, 19, 176, 191 
So<la, 127, 175, 1*82' 
ash, 175 
erystal, 175 
lye, 173 

ultramarines, 112 
washing* *J5 
Sodium, 111, 136, 144, 
148, 173 
acetate, 203 
aluminate, 182 
bicarbonate, 175 
carbonate, 62, * 113, 
170, 175 
anhydrous, 175 
chloride, m, 168 
fluoride, 169 
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► ferrocyani^, 102 
hydroxide, tl, 40, 
178, 204* • 

niangaiiJite, 89 • 

filtrate, 167 

• • 

permanganate, 89 

potassium tartrate, 

204 * 

silicate, 176, 177 
stannate, 189 
stearate, 202 
sulphate, 101, 113, 
175 • 

sulphide, 11, 113, 

192 

tetraborate, 177 
\\ater glass, •170 
Soft coal, 43, 19'8 
water, 161 
Solar speetnim, i.iO 
Soluble gun eottoii, 205 
Prussian blue. 101 
Solutions, 154 
Solvent nai»htha, 12 
Solvents, volatile, 12 
Soot brown, 23 
Sjiaiiish white, 125 * 
Speeifie gravity of ele- 
ments, 148 
Speetroseoy)e, 180 
Speetrum, pri.smatl(', 135 
solar^ 135 
Speltei*, 129, 130 
Spiegeleiseii, 180 
Sj)ontaneous eom))iistioii,* 
169 

Stalactites, 179 
StalagmiteiJ l79 
Stannic chloride, 189 
hydjoxble, 189 * 

oxide, 189 
sulphide, 189 
Stsliinous chloride, 189 
i^tannrim, 189 
Starch, 56, 78, 102, 198, 
208, 204, 205 
test fov 78, 109, 205 
Stearic acid, ^02 


5ti*trin, ^02 
Steatite, 19, 191 
.Steel 188, 186 
ITiue, 101 

Sterling silvei^ 198 
Stibium, 189 
Stick ink, 80 
Stick-lac, 64 

Stil <le »rain brim, 20, 

127 

bruno, 20. 127 
Strong acids, 1^5, 174 
bases, 175 

Strontiiiii yellow, 30, 3.8, 
41, 80 • 

Stro\itiiim, 144, 148, 180 

chloride, 80, 180 

chromate, ,30, 80. Ili4, 
187 • 

sul]»hate. 165, 180 
sulphide, 144 
Structural foimula,, 19i 
Stucco, 02, 180 
Sublimation, 109 ^ 

•Sublimed oxalic acid, 201 
white lead, 125 
Substantive coloring mat 
ttrs, 70 
dscs, 77 
pigments, 8 

Substitution produds. 197 
Sucrase, 204 
Sucrosi, 208* 

Sugars, 198, 203 
Sugar, barley, 208 
beet 208 
* cane, 208 
contint ■, 208 
(h'xtrose, 201 
fruetose, 203 
glucoifi", 203, 2(V 
test for, 2^I4 
grape, 204 
invert, 204 
iiiaple, 208 
/lock candy, 203 
y saccharose, 208 
sucrose, 208 


.•table, 208 
of lead, 121, 122, 124, 
188 

Snljihate radicle (ion) 
test for, 165 , 
Suli>hates, 166, *191 
Sulphate ultramarines, 

112 

Sul])hide of arsenic, 4'. 
73 

()4 barium, 144 
of cadmium, 28 
of calcium, 144 
of lead, 60. 18H ‘ 
of mc ' ury, 3J, 117 
of stiontium, 144 
Sulphides, 191 
Sulyihin^'gotic ac'd, 70 

Sulydinr, 29,, .111, 113, 
115, Uil 123, 147, 
148. 191. 193. iSl 
amor^jlioVis, 191 
colors, •192 
Cl rde, 191 
dioxide, 192 ^ 
llywei'tf of, 29, 191 
milk ot^ 191 
, ortho! liomiiic, 191 
jda.slic, 191 
prismatic, 191 
loll, 191 

Snlpliunc acij), 7, 11, 164 
Suljduirous acid, 7 
Sunlight, 185 

Surface cojors, 1^,3, 
Swcdit.h gri'en, 53 
Symbol'', elements, 148, 
150 * 

SMithesis, 147, 153 
Synthetic iinligo, 44, 70 
jierfunn's ainl flavors, 

208 

SM-ian asphalt, 20 

^^Fable of elements, 148 
si^lt, 168 
sugar, 208 
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of weights • find 
measure, 20^ • 

Tailors’ chalk, 191 
Talc, 19, J76, 191 
Talcum, 19, 176, 191 
Tan barlf, 121 
Tajiiiic acid, 184 
Taf, 198 
coal,^43 

Tartar, 24 • 

Tartaric acid, 162y201 
Technique of testing pig“ , 
^ments, 11 
Teinte neutre. 92 
Telliirtuni, 115, 148 
Tempera paint i n g 
grounds, Spaiysh and 
Italian, 126 

•Teinperatvrt?s, table of 
•conversion, 208 
Ternary cotiipounds, 15G 
Terra alba, 

di siciia, 94, 103 
bruciata, 27 
(rdmbra, 104 
bruojata, *28 
pozziioli, 64, 95 
losa, 64, 95 
verde, HO 
Terre cassel, 115 

de Sienne, 94, 103 
de Yerone, 110 
.d 'ombre, 101 

•brulei*, 28 

• • 

Sienna brulee, 27 
Verte, 28, 110 

burnt, £8, 110 
brullee, 28 
Tertiary colors, 136 
" Tests 

Test, flame for metals, 

144 

for basic iron sul- 
phate, 66 


for chlorinq^ ion, ^25/ 

167 

for chromate radi- 
cal, 41, 187^ 
for coljalt, 22, 47, 48 
for copper, 53, 65, 
117, 188 ^ 

for dyes, 12, 45 
for gypsuL^ 62 
for hydrochi a*ic acid, 

168 

for iodine, 169 
for metals; ])orax, 
178 » 
for rriissian blue, 39* 
for soluble iiifpuri- 
ties, 13 

" for starch. 78, 169 * 
* for sugar (glucose), 

204 

for sulphate radicle, 

* 165 

ion, 165 

for tinting strength, 

14 

ipniJitative, of pig 
inents, 

Testing pigments, tecli 
iinpie, 11 1 

Tetruchlorinethane, 197 
Tierra de Siena, 94, J03 
Tierra, de >iOmbra, 104 
tostada, 28 
sii'iia tosta<la, 27 
Aerde, HO 

tostado, 28 • 

Tin, 92, 128, 148, 189 
chloride, 189 
oxide, 189 
Tystals, 489 
hydroxide, 79 
oxide, 35, 91 
Tincture of iodine, 169 
^Tiiit, 139 ^ 

Tint a 'neutra, 92 ^ 


Tinting strength test, #4 
Titaniilfn, 148 
Toilei po^’ders, 191 
"toluene, 44 
Toluol* 12, 44^ 

Tone, color, 139 
contrast, 138 
Toner, 74 
Tonerde, 42 
Transient colors, 138 
Transparent color, 142 
golden ^chre, 94 
liydrated oxide of 
cdirornium, 37, 58, 

97 

oxide of cliromiiim, 

9*7 

white, 111 
1'rcnel^, 203 
Tijad;*'l36 
Trichlormethaiie, 197 
'frue g\j)sum, 61 
Tungsten, 148 
Turkey red, 86 
limber, 104 
Tui4;jis]i berries, 127 
'J’urnlmU's Idiie, 2, 103, 
1S5 

'riirners' yellow, 90 
'I'lirquoiie l)luc, 71 
Tuscan red, 64, 66 
'I’ypi* im tal, 189* • 

d'llramar, HI 

claro, 92, 112 
rit.i amarine, acid proof, 
US' , 
artiticial, 112 
• ash, HI 

blue, 23, 38r 41, 47, 
50, 51, 52, 54, 64, 
87, 90, 96, 97, *98, 
109, 111, 142 * 

brown, 115 
Prench, H2 


* Teats for each i*i(pncnt and its distiu{fvii(hin(\ characteristic ‘properties noil 
he found listed undtr the chapter on each i'cspectivc pipmcjit. 
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gray, 114"» 
green, HO, ll3 
sickness, *118 > 
silver, 114 
' red^ 114 

violet, 88, 112, 114 
yellow, 114 
yellow-biowii, 114 
ntra-red rays, 136 
Tilt ra* violet ray.',, 135 
lbii})ra, 104 

I'^mbers, 2'^, 31, 42, HS, 
59, 66. 77, 104, 109, 
116 

T'raniiiiii, 143 
rrine, 67, 205 
I". S. J\ zinc oxide, 133 
A'alence of (‘lenieiits, 148, 
152, 155 
V.'iliie, color, 139 
Vaiindiuiii, 143 
Vandyke brown, 28, 31. 

:">2, 35, 49, 108, 115 
N'nseline, 196 
V'egetabJe black, 79 
Vel\et black, 32 
Veiwtian blue. 71 

i'<‘d, 31. 04, 92, 95, 
184 

scarlet, 72 
A'cinvi'chrot. (J4 
\’(‘id(' ceiiiza, 53 
<1(‘ cobalfo, 47 
de Hooker, 
esnieralda, ,V,. 97 
di cob’ It, 47 
di Hooker. 03 
oliva, 95 
I'crni, 100 
snieraldo, 55, 97 
mineral, S7 
'ininerale, 87 
ve.jiga, 107 
vescica, 107 

Verdet de Montpellier, 

116 * 


^VOrdigPis, 64, 79, 116, 
187 

Mue, 116 
crystalline, 116 
distilledt 116 
Vermiglione, 117 
VMrniilion, 37, 41, 54, 87, 
105, 117, 123, 147, 
1 tO 

A..ierican, 18 
antimony, 120 
(Tiiiieae, 87, 117 

English, 37, 117 
I'rench, 37, 117 
genuine, 18, 25, 31, 
37, 105, 117, 123 
green, 37 
imitation, IS 
oninge, 37, 117 
sc.d-lct, 37, 117 
(|uickvil\or, 18, 37* 

105, 117 

Vermilioiiette, IS 
\’(‘ioiia brown, 28 
N'eronese earth, 110 

giet'ii, 53. 110 

.\Hlow, 90 
\\‘rt c(‘i!drc, 53 
de ('ubilt, 47 
dc gris, 110 
de Hooker, 03 
'^e Moi*it:igne, 87 
de \essie, 107 
(!<• zinc, 47 
cmeinude, 55, 97 
mineral. S7 
<di\e, 9i, 

I’aul VeromVe, 53 
perm., 100 
Victoria red, 18 
\denna red, IS 
A'ine black, 24 
Vi '.egar, 116, 121, 201 
A^'oleta de aniline, Maha, 
90 

Violet carmine, 120 


» crap lake, M 
d ’aniline rougeatre 
Magenta, 86 
dc cobalt, 48 
ultramarine, 88 
Violets de aiiilina rojiza 
Magenta, 86 
Violetto cobalto, 48 ’ 

d ’anil u a s t r 0 

Malva, 90 

£ ’aniline ])leuatre, 

Mauve, 90 

d’anilina rossiccio, 

86 

Viridian, 97 

Vitriol, blue, 54, 164, 187 

g^iceii, 184 
iron, 101 
oil ol. 1^5 
Vnlcaniziiig 192 

Warm eolois, 138 
sepia, 109 
Wushij'g .soda, 175 
Water, 11, 146, 158, 160 
distlled, 161 
gas, i71 
glass, 176 
hard, 161 
natural, 161 
rain, 161 
soft, liil 

of crystallization, 164 
Wax, 57, 111 
Mcak acids, It >,-175 
bases, 174 

Weiglits and measure 
oiX‘iiing, 130 
tables, 106 

Webi, 127 
White, 139 

arsenic, 54, 172 
l>ole, 42 
indigo, 69 

lead, 25, 30, 49, 50, 
'52, 55, 57, 58, 
70, 79, 82, 86, 
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133, 18'8, 201 
biynt, 82, 105 
clutch, 50, 55, 
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niild-profess, 121 
quick process, 49, 
55, 121 
sublimed, 125 
inajrnesia, 100 f 
Wtdteuiiig, 125 
jdiosphonis, 171 
White Suud, 177 

seai zinc oxidt*, 133 
Whiting, 77, 123, 125. 
127, 133, 17f 
liolted gilder’s, 120 
commet^'ial, 125, 120 
Wiydow glijss, 177 
Wood, 69 
\Vood alcohol, 

destructive distilla- 
tion, 198 
Writing ink, 184 
Wrought iion, 1'8J1 

Xanthosidei it(', 93 
Xylene, 44 


Xylol, 12, 44 

Veast, 198, 204 
Y ellow-bi own ult raina- 

line, 114' 

Yellow carmine, 127 
heeinatite, 93 
lakes, 26, 38, 95, 127 
madder, 127*^ 

Ofhro, 65, 92, 103 

110, 184 

])ru.ssij!te of Potash, 
101, 184 

sulphide of a/seuic, 

90 

ultramarine, SO 
XaSre. 109 

^inc, 92, 114, 128, 148. 

IHO * 

basic carbonate, ]32 
carbonate, 93 
chloride, 47, 181 
chromate, 30, 80, 133. 
187 

leadeil, 133 
green, 37, 3H,i47 
hydro-silicate, 128 
lead white, 125 ' 


nitrat?J 181 
oxide, 23, 37, 46, 47, 
125, 128, 180 
green seal, 133 
•leaded, i3.3 * 
red seal, 133 
U. S. P., 133 
white seal, 133 
salts^ 180. 
sulphate, 83, 181 
siili)hide, 82, 132 
Zineweiss, 37* 

Zinc white, 30, 37, 41, 51, 
56, 59, 66, 73, 
77, 79, 81, 83, 
90, 92, 128 
American, 131 
French, 130 
French - Process, 
130 

indirect ]trocess 
Zinc yellow, 30, 38, 41, 
47, 60, 63, 81. i:W 
Zinkgelb, 133 
ZinkwViss, 128 
Zinnober, 117 
green, 37, 

Zymase, 204 








